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1.0  SUMMARY 


The  XV-5A  Aircraft  Serial  Number  62-4505  was  tested  in  the  NASA- 
Ames  Research  Center  Wind  Tunnel  facilities  between  April  29,  1964  and  July  9, 
1964.  These  tests  were  performed  in  accordance  with  Contract  DA  44- 177-TC-7 15 
and  represented  a  total  of  thirty-seven  test  hours,  twenty-one  of  which  were 
with  the  fans  operating.  The  test  program  included  aerodynamic,  thermodynamic 
and  mechanical  evaluation  of  the  complete  flight  type  aircraft  system  at 
flight  speeds  equivalent  to  hover  up  through  100  knots  in  both  the  conven¬ 
tional  and  fan  power  modes  of  flight. 

Thi6  report  summarizes  the  more  important  aerodynamic  performance 
obtained  during  the  test  program.  The  data  are  presented  graphically  in 
coefficient  form  to  provide  a  consistent  basis  of  comparison. 

The  aerodynamic  results  obtained  during  these  tests  may  be  summa¬ 
rized  by  saying  that  the  aircraft,  as  designed  and  tested,  has  adequate  con¬ 
trol  power,  lift,  horizontal  thrust  and  static  stability  to  permit  safe 
transitional  flight  between  a  hover  lift-off  and  conversion  to  the  jet 
mode  of  flight. 

The  results  of  this  wind  tunnel  test  program  have  proven  to  be  a 
valuable  asset  during  conduct  of  the  flight  test  program.  Using  these  data, 
predictions  of  aircraft  performance  have  been  verified  by  actual  measured 
flight  data. 
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2.0  INTRODUCTION 


This  report  represents  a  summary  of  the  results  of  the  full-scale 
wind  tunnel  tests  of  the  XV-5A  flight  aircraft,  Serial  Number  62-4505.  These 
tests  were  performed  In  the  NASA,  Ames  Research  Center,  40  X  80  foot  wind 
tunnel  and  the  outdoor  static  thrust  stand.  Only  minimum  modifications  of 
the  aircraft  were  used  In  preparing  for  the  wind  tunnel  tests,  In  order  to 
test,  as  near  as  possible,  the  systems  as  they  would  exist  during  actual 
aircraft  flight.  This  required  that  all  control  actuation  be  performed  using 
the  conventional  control  devices  such  as  conventional  stick,  throttles,  etc., 
as  designed  into  the  aircraft  systems. 

After  preparing  the  aircraft  for  testing,  that  Is,  installing  the 
actuation  and  instrumentation  systems,  testing  was  initiated  on  April  29,  1964 
and  was  concluded  on  July  9,  1964.  The  total  test  program  included  four 
test  phases,  two  on  the  static  thrust  stand  and  two  in  the  40  X  80  foot  wind 
tunnel.  During  the  test  program,  performance  data  were  obtained  for  simulated 
flight  conditions  from  zero  flight  speed,  equivalent  to  hover  in  the  fan  mode, 
up  through  and  above  maximum  fan  supported  flight.  Tests  of  the  aircraft  in 
the  conventional  configuration  were  performed  for  a  range  of  aircraft  con¬ 
figurations,  such  as  variable  flap  deflections  and  the  intermediate  configu¬ 
rations  experienced  during  conversions  between  the  two  modes  of  flight. 

For  each  set  of  test  conditions  approximating  near  trinmed  flight,  the  effecta 
of  control  pcrtubations  around  the  given  test  conditions  were  obtained  as  wall 
as  changes  in  the  aircraft  attitude.  This  report  presents  the  principle  re¬ 
sults  of  the^e  test  conditions  in  suitable  coefficient  fcrm3.  Typical  pro¬ 
cedures  for  using  these  coefficients  in  analysis  of  actual  flight  conditions 
is  also  presented. 

Additional  data  are  at  the  General  Electric  Ccmpf.ny  for  review  but 
have  not  been  prepared  in  multiple  copies.  The  data  Include  log  sheets, 
instrumentation  calibration  curves,  Inspection  records,  test  procedures, 
maintenance  records  and  all  recorded  data  in  both  absolute  units  and  in 
coefficient  notation.  Copies  of  these  data  will  be  provided  on  request  from 
authorized  agencies  or  personnel. 
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Photographs  of  the  aircraft  Installed  In  the  wind  tunnel  and  the 
static  thrust  stand  are  shown  In  Figures  1  and  2.  Figure  1  shows  two  views 
of  tha  aircraft  Installed  in  the  wind  tunnel  test  section.  The  aircraft  as 
shown  la  In  tha  "pre-conversion"  configuration.  Figure  2  shows  the  aircraft 
■ountsd  on  tha  outdoor  static  thrust  stand.  Here  also,  the  aircraft  Is 
shown  In  the  pre-conversion  configuration  and  located  at  a  height  above  the 
ground  of  approximate ly  62  Inches  based  on  gear-height.  This  is  a  height  at 
which  ground  effects  ere  assumed  to  have  diminished  to  a  relatively  small 
va lue . 
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3.0  AIRCRAFT  AND  APPARATUS 


3.1  AIRCRAFT 

The  basic  test  article  used  during  this  program  was  the  flight  qual¬ 
ity  XV-5A  Aircraft,  Serial  Number  62-4505.  The  basic  design  intent  of  the  air¬ 
craft  was  maintained  during  the  testa  except  when  particular  modifications  uni¬ 
que  to  the  wind  tunnel  installation  were  required.  Figure  3  shows  the  general 
arrangement  of  the  aircraft  in  a  three  view  drawing.  Some  of  the  more  signi¬ 
ficant  aircraft  geometric  data  is  tabulated  below. 


3.1.1  Areas 

Wing  Area  (including  49  square  feet  of  fuselage) 
Horizontal  Tail  Area 
Vertical  Tail  Area 
Flap  Area 

Aileron  Area  (aft  of  hinge  line),  Total 
Elevator  Area  (aft  of  hinge  line),  Total 
Rudder  Area  (aft  of  hinge  line) 

Wing  Fan  Annulus  Area,  Total 
Wing  Fan  Total  Area  (fan  tip) 

Pitch  Fan  Annulus  Area 


260.3  Sq.  Ft. 
52.9  Sq.  Ft. 
51.0  Sq.  Ft. 
25.4  Sq.  Ft. 
20.1  Sq.  Ft. 
12.0  Sq.  Ft. 
6.4  Sq.  Ft. 

35.6  Sq.  Ft. 

42.6  Sq.  Ft. 
5.64  Sq.  Ft. 


3,1.2  Dimensional  Data 
Wings: 

Span: 

Chord : 

Root 

at  break  in  quarter  chord 
theoretical  tip 
mean  aerodynamic 
Sweep  at  257.  chord: 

inboard  panel 
outboard  panel 
Leading  edge  of  M.A.C. 

Aspect  ratio 


29.83  Ft. 

12.08  Ft. 
9.09  Ft. 
3.58  Ft. 

9.41  Ft. 

15.0  Deg. 
28.3  Deg. 
FS- 211.1  In. 

3.42 
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Ailerons: 


Span 
Chord 

Centroid  of  aileron  area 

Flaps:  (single  slotted) 

Span 

Chord  (average) 

Horltontal  Tall: 

Span 
Chord: 

root 
tip 

Sweep  of  leading  edge 
Aspect  ratio 
Pivot  point 
Distance  of  1/4  M.A.C. 

Elevators: 

Span  (per  side) 

Chord : 

root  (BL  4.3) 
tip  (BL  69.9) 
Location  of  1/4  M.A.C. 

Vertical  Tail: 

Sweep  of  leading  edge 
Aspect  ratio 
Distance  of  1/4  M.A.C.  to  wing 

Rudder : 

Span 

Chord: 

root 

tip 

Location  of  1/4  M.A.C. 


6.37  Ft. 

29.6  Percent 
BL-139.6  In. 

43.0  Percent 

19.6  Percent 

13.18  Ft. 

5.46  Ft. 
2.56  Ft. 
19.5  Deg. 


1.337  Ft. 
0.854  Ft. 
FS-521 . 1  In. 

35.4  Deg. 
1.178 

1/4  M.A.C.  18.25  Ft. 

5.20  Ft. 

1.470  Ft. 
0.980  Ft. 
FS-507.4  In. 


3.29 

FS-496.7  In. 

from  wing  1/4  M.A.C.  21.17  Ft. 

5.47  Ft. 


Wing  Fans: 

Centerline: 


lengthwise 

FS-256 

In. 

spanwise 

BL-61 

In. 

Pitch  Fan: 

Centerline  located  at 

FS-58.5 

In. 

Center  of  Gravity 

Center  //I  (aft) 

WL- 112 

In. 

FS-246 

In. 

Center  //2  (forward) 

WL- 112 

In. 

FS-240 

In . 

3 . 1  .A  Control  Movements. 

The  following  motions  are  nominal  design  values  of  maximum  deflections. 

Actual  measured  data  will  be  presented  in  results  of  test. 

Rudder  •  23  degrees  trailing  edge  left  and  right. 

Rudder  pedals  -  3  1/4  inches  forward  and  aft. 

Elevator  -  25  degrees  trailing  edge  up  and  down. 

Longitudinal  control  stick  -  15  degrees  aft  and  forward. 

Ailerons  (flaps  at  0  degrees)  -  19  degrees  trailing  edge  up  and 
15  degrees  trailing  edge  down. 

Ailerons  (flaps  at  45  degrees)  -  8  degrees  trailing  edge  up  and 
27  degrees  trailing  edge  down. 

Lateral  control  stick  -  7  1/2  degrees  left  and  right. 

Horizontal  stabilizer  -  20  degrees  leading  edge  up  and  5  degrees 
leading  edge  down. 

Flaps  -  45  degrees  trailing  edge  down. 

Pitch  fan  modulator  door  -  68  degrees  total  travel. 

Wing  fan  yaw  control  (differential  vector)  -  32  degrees  maximum  at 
zero  vector  angle. 

Wing  fan  roll  control  (differential  stagger)  -  24  degrees  maximum. 

Wing  fan  collective  control  (collective  stagger)  -  13  degrees 
minimum  -  37  degrees  maximum. 

Wing  fan  vector  control  (collective  vector)  -  minus  5  degrees  to 
plus  50  degrees. 
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3.2  AIRCRAFT  MOUNTING 

The  aircraft  was  supported  In  both  the  wind  tunnel  and  the  static 
stand  by  a  three  point  mounting  system.  Mounting  was  accomplished  by  adapting 
to  existing  jack  pad  points  provided  on  the  aircraft..  Figure  4  shows  schemati¬ 
cally  the  mount  arrangement  of  the  aircraft  In  the  wind  tunnel  test  section. 
Also  shown  are  location  details  of  the  three  mounting  points  used  for  the 
tunnel  testing. 

For  the  static  stand  testing,  each  of  the  ball  sockets  were  replaced 
with  calibrated  strain  gaged  load  cells.  Details  of  this  mounting  system  used 
on  the  static  thrust  stand  may  be  observed  in  Figure  2. 

3.3  AIRCRAFT  CONTROL  ACTUATION 

In  order  to  provide  for  remote  operation  of  the  aircraft  system  while 
installed  in  the  tunnel,  an  actuation  system  capable  of  operating  the  conven¬ 
tional  pilot  operated  controls  was  provided  in  the  aircraft.  This  system  con¬ 
sisted  of  an  array  of  electric  actuators,  bars  and  linkages  capable  of  moving 
each  of  the  basic  system  control  inputs.  These  included  collective  stick, 
rudder  pedals,  longitudinal  and  lateral  stick  and  both  engine  throttles. 

The  remote  console  for  control  of  the  actuators  was  located  in  the  wind 
tunnel  control  room. 

Control  motions  were  transmitted  to  direct  reading  dials  attached 
to  the  remote  concole  to  provide  continuous  monitoring  of  the  various  control 
inputs . 

Other  functions  controlled  through  the  remote  console  were: 
flap  position 
vector  angle  command 
mode  selection 
horizontal  tail  trim 
diverter  valve  actuation 

Note:  Independent  operation  of  the  diverter  valve  cannot  be 

accomplished  normally  on  the  aircraft,  but  was  provided 
in  the  wind  tunnel  as  a  safety  device. 
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3.4  PROPULSION  SYSTEM  OPERATION  AND  CONTROL 

To  monitor  the  propulsion  system  operation,  the  following  engine 
instrumai  ts  were  located  in  the  wind  tunnel  control  room: 

Engine  RPM 
Engine  ECT 
Engine  Fuel  Flow 
Engine  Oil  Pressure. 

Hydiaulic  System  Pressure 
Wing  Fan  RPM 
Pitch  Fan  RPM 
Engine  Ignition  Control 

Observation  and  actuation  of  the  aircraft's  safety  systems  (structural  over¬ 
head,  fire  warning,  and  fire  extinguishing)  were  available  in  the  wind  tunnel 
control  room,  plus  an  auxiliary  iire  extinguishing  system  installed  within 
the  aircraft  structure. 

3.5  SPECIAL  TEST  EQUIPMENT 

Three  basic  aircraft  modifications  were  investigated  during  this  test 
program  which  differed  from  the  flying  configuration. 

The  first  modification  provided  a  means  of  simulating  fan  mode 
operation  with  the  pitch  fan  inoperative.  Blank-off  plates  were  installed  in 
the  pitch  fan  duct«  during  certain  test  conditions,  shutting  off  the  gas  flow 
to  the  pitch  fan.  In  addition,  spacers  were  added  to  the  diverter  valves 
that  would  open  the  valve  sufficiently  to  bleed  flow  through  the  tailpipe 
equivalent  to  that  previously  ducted  to  the  pitch  fan.  This  diverter  valve 
adjustment  precluded  retrimming  ot  the  wing  fan  scroll  areas  and  maintained 
equivalent  gas  generator  operating  conditions. 

Various  horizontal  stabilizer  geometry  cont  igurat.  ions  were  investi¬ 
gated.  Tip  extensions  were  employed  to  increase  the  horizontal  tail  area  from 
52.9  to  59.4  square  fo^t.  The  effects  of  a  leading  edge  slat  of  approximately 
15  percent  choid  extending  ov«.  r  the  entire  sLabilizer  leading  edge  were  also 
invest igated  . 
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A  separate  remote  hydraulic  supply  was  provided  to  drive  the  wing 
fan  exit  louver  actuation  system.  This  was  accomplished  to  allow  full  exit 
louver  travel  when  it  became  evident  that  the  existing  aircraft  system 
(hydraulic  system  and  louver  actuators)  could  not  sustain  the  aerodynamic 
loads  experienced  by  the  louvers. 

3.6  INSTRUMENTATION 

3.6.1  Aircraft  Forces 

For  testing  the  aircraft  in  the  wind  tunnel,  six  components  of 
the  forces  were  measured  on  the  conventional  beam  balance  system  provided  in 
the  NASA  facility.  The  force  data  were  recorded  by  the  DATEX  System  which 
is  part  of  the  wind  tunnel  facility. 

Instrumented  flexure  load  cells  were  used  for  force  measurements 
on  the  static  thrust  stand.  During  the  first  static  thrust  test  program, 
only  five  force  components  were  recorded;  side  force  was  omitted,  while 
in  the  second  test  phase  all  six  components  were  recorded.  The  load  cell 
outputs  were  recorded  on  continuously  running  Sanborn  oscillographs  during 
each  test  run.  Conventional  forces  and  moments  were  obtained  by  applying 
the  appropriate  load  cell  mounting  geometry. 

3.6.2  Research  Instrumentation 

This  category  includes  all  measurements  taken  during  the  test 
program  in  excess  of  propulsion  system  operating  parameters  and  aircraft 
force  data. 

.  Structural  temperatures 

.  Cooling  air  and  gas  temperatures 

.  Control  stick  and  surface  positions 

.  Cooling  system  pressures 

.  Hydraulic,  gearbox  and  engine  oil  temperatures 

.  Stick  forces  and  wing  fan  closure  forces 

.  Wing  and  pitch  fan  blade  stresses 

.  Wing  fan  inlet  vane  stresses 

.  Fan  and  engine  vibrations 

.  Engine  and  fan  RPM's 

.  Aircraft  angle  of  pitch  and  yaw  indicator  deflections 
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Most  of  the  above  measurements  were  recorded  using  a  high  speed 
recording  digital  voltmeter  system.  This  recording  equipment  consisted  of 
a  switching  system  capable  of  scanning  data  at  the  rate  of  five  per  second. 
The  system  recorded  the  data  in  two  forms  as  well  as  on  a  visual  indicating 
voltmeter.  The  two  forms  of  recorded  data  were  a  typed  set  of  measurements 
available  for  monitoring  during  the  conduct  of  the  test  and  a  coded  punched 
tape  that  was  applicable  to  automatic  machine  reduction  of  data.  This 
equipment  had  the  capability  of  recording  all  measurements  in  approximately 
forty  seconds;  compatible  with  the  time  required  for  a  complete  force 
reading.  This  allowed  for  rapid  setting  and  acquisition  of  data  at  each 
test  point.  Under  normal  conditions  of  test,  data  points  were  obtained  at 
approximately  two  minute  intervals. 

Table  "  gives  a  listing  of  the  measurements  recorded  on  the  digital 
system.  The  mea.  urements  are  listed  by  nomenclature  as  well  as  the  normal 
symbols  that  were  assigned  to  these  measurements  at  the  initiation  of  the 
XV- 5A  program. 

Engine  and  fan  vibration  levels  were  monitored  on  CEC  vibration 
meters  fitted  with  filters  for  removing  the  low  frequency  vibration  levels 
of  the  aircraft.  The  fan  system  was  fitted  with  a  hi-pass  filter  with  a 
cut-off  frequency  of  30  CPS  while  the  engine  cut-off  frequency  was  60  CPS. 

The  vibration  levels  were  periodically  recorded  on  log  sheets. 

Fan  and  vane  stresses  were  monitored  on  a  scope  presentation 
system  during  the  testing  and  simultaneously  recorded  on  a  multi-channel 
tape  system  to  allow  for  further  analysis  and  evaluation  under  laboratory 
controlled  conditions. 

Additional  inputs  of  data  included  wind  tunnel  temperature,  pressure 
and  velocity.  These  inputs  were  obtained  from  the  tunnel  instrumentation  and 
hand  fed  into  the  data  handling  system. 

The  digital  recording  system  referred  to  in  Table  I  was  a  high  speed 
digital  voltmeter  system.  The  system  recorded  the  data  on  a  coded,  punched 
tape  and  presented  the  data  during  the  tests  in  a  typed  format  and  on  a 
visual  indicating  voltmeter.  A  scanning  rate  of  five  per  second  was  avail¬ 
able  with  all  measurements  recorded  in  approximately  AO  seconds;  this 
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made  it  compatible  with  the  time  required  for  a  complete  set  of  force 
readings . 
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4.0  TEST  PROCEDURES 


4.1  WIND  TUNNEL  TESTS 

4.1.1  Fan  Powered 

Engines  were  started  using  a  mobile  air- impingement  start  cart. 

After  engine  start,  the  tunnel  speed  was  increased  to  20  kts.  and  the  propul¬ 
sion  system  was  diverted  t<»  the  fan  mode. 

To  obtain  the  test  conditions,  the  tunnel  speed  and  fan  speeds  were 
set  at  the  desired  values,  then  the  aircraft  was  trinned.  Trim  was  obtained 
by  zeroing  the  drag  using  vector  angle  command,  then  zeroing  the  pitching  moment 
about  the  desired  reference  moment  center  with  the  longitudinal  control. 

After  the  aircraft  was  trimmed,  pertubations  of  the  particular  test 
variable  were  made  about  the  trimmed  condition.  The  variables  tested  included: 

.  Angle  of  attack  (-4  degrees  to  +20  degrees) 

.  Angle  of  side  slip  (+10  degrees  to  -10  degrees) 

.  Vector  command  (0  degrees  to  50  degrees) 

.  Tail  incidence  (-5  degrees  to  +20  degrees) 

.  Longitudinal  stick  position 

.  Lateral  stick  position 

.  Rudder  pidal  position 

.  Collect  ve  stick  position 

During  these  pertubations,  the  gas  generator  power  setting  and 
tunnel  speeds  were  held  constant. 

At  each  test  point,  a  complete  force  reading  and  scan  of  the  digital 
data  were  taken  at  approximately  the  same  interval.  Periodically  during  the 
data  points  recordings  of  stresses  and  vibrations  were  taken. 

Testing  was  performed  at  two  power  settings  in  the  fan  mode  equiva¬ 
lent  to  approximately  65  percent  and  95  percent  fan  speed  while  tunnel  velocity 
was  varied  from  zero  to  approximately  100  knots. 

4.1.2  Convent iona 1 

Testing  of  the  aircraft  in  the  conventional  mode  (non-fan  powered) 
was  conducted  whenever  possible  without  the  engines  running.  Complete  power- 
off  operation  was  possible  because  all  conventional  control  systems  are 
mechanical,  except  the  ailerons  which  require  hydraulic  boost.  The  remote 
hydraulic  supply  was  capable  of  supplying  this  boost  separate  from  the 
aircraft  system. 
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Only  the  tunnel  speed  needed  adjustment;  80  knots  was  used  for  this 
type  of  testing  throughout  the  test  program. 

To  test  the  aircraft  in  the  "pre-conversion"  and  "VTOL-converted" 
conditions,  the  engines  were  operated  at  idle  power  to  maintain  hydraulic 
pressure  on  the  wing  fan  louvers,  closure  doors  and  pitch  fan  modulator 
systems  (the  remote  hydraulic  system  was  not  plumbed  to  these  units). 

4.2  STATIC  THRUST  STAND  TESTS 

4.2.1  Phase  I 

The  Phase  I  testing  on  the  static  thrust  stand  was  run  primarily 
to  demonstrate  the  capability  r:  the  aircraft  to  run  for  sustained  periods  of 
time,  30  minutes  or  longer,  without  apparent  structure  heating  problems,  and  to 
obtain  a  general  checkout  of  the  actuation  and  instrumentation  system.  Any 
force  and  moment  data  obtained  was  of  secondary  importance.  Also  during 
this  period  of  testing,  the  apparent  inadequacy  of  the  louver  actuation  sys¬ 
tem  was  investigated. 

The  procedure  used  during  the  Phase  I  tests  was  to  start  the  engines, 
then  clear  the  area  under  and  around  the  aircraft.  The  Sanborn  and  digital 
recorders  were  turned  on,  then  the  aircraft  was  diverted  to  the  fan  mode  and 
the  engines  adjusted  to  the  desired  power  levels.  Control  inputs  were  made 
and  force  and  digital  data  recorded.  Periodically,  complete  scans  of  the 
temperature  data  were  taken  to  insure  that  the  aircraft  structural  tempera¬ 
tures  were  within  limit  values. 

For  the  louver  force  surveys,  the  louver  actuators  were  replaced 
with  fixed  instrumented  load  links,  whose  outputs  were  recorded  by  the  digital 
system.  The  engines  were  started  and  diverted  to  the  fan  mode.  As  the  engines 
were  accelerated  and  decelerated  slowly,  the  fan  speeds  and  louver  link  loads 
were  recorded  continuously.  This  procedure  was  repeated  for  various  louver 
positions . 

Because  of  the  severe  reingestion  levels  experienced  during  these 
ramp  runs,  as  well  as  high  levels  of  aircraft  vibration  in  the  force  measure¬ 
ment  system,  questionable  force  data  were  obtained  and  were  not  used  as  a 
basis  in  future  analysis. 
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4.2.2  Phase  II 

In  preparation  for  the  second  static  thrust  stand  runs,  tha  Instru¬ 
mentation  systems  were  modified  in  two  ways: 

The  load  or  force  measurements  were  fitted  with  filters  to 
attenuate  the  aircraft  vibration  force  levels. 

Fan  speeds  snd  Inlet  temperatures,  as  well  at>  forces,  were 
recorded  continuously  on  Sanborn  oscillograph  equipment 
during  each  system  run. 

The  procedure  used  during  this  test  phase  was  to  ttart  the  Sanborn 
equipment  prior  to  starting  the  engines.  The  engines  were  then  started,  di¬ 
verted  to  the  fan  mode,  and  accelerated  to  the  desired  power  setting.  With 
the  recording  systems  still  operating,  the  desired  control  excursions  were 
made  and  data  recorded. 

4.3  SUMMARY  OF  TEST  RUNS  AND  TIMES 

4.3.1  Wind  Tunnel  Tests 

Table  II  shows  a  summary  of  the  thirty-three  runs  performed  during 
the  wind  tunnel  tests,  listing  the  range  of  variables  snd  configurations  tested. 

4.3.2  Static  Thrust  Stand  Tests 

Tables  III  and  IV  summarize  the  tests  performed  during  the  two  phases 
of  the  static  thrust  stand  runs. 

4.3.3  Operating  Times 

Table  V  presents  a  summary  of  the  total  operating  times  accumulated 
on  the  aircraft  and  propulsion  system  during  conduct  of  this  test  program. 
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5.0  DATA  REDUCTION  PROCEDURES 


5.1  WIND  TUNNEL  TESTS 

5.1.1  Force  Data 

Force  data  gathered  during  the  wind  tunnel  tests  were  reduced  to 
conventional  aircraft  coefficient  form  using  electronic  data  processing 
methods  established  by  NASA  for  all  wind  tunnel  data.  The  data  obtained  for 
the  power-off  configurations  were  corrected  for  the  effects  of  wind  tunnel 
wall  interferences  in  the  following  manner: 
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A  drag  correction  due  to  the  strut  system  was  also  applied  to  the 
data  which  amounted  to  the  following: 


Cn  =  Cn  +  0.0133 

D  Du 

C  =  C  -  0.0066  -  0.0123  sin  OC 

m  mu 

No  corrections  due  to  wall  interference  effects  were  applied  to  the 
power-on  fan  mode  data,  since  the  effects  of  fan  airflow  on  wind  tunnel 
corrections  are  unknown. 


5.1.2  Digital  Data 

The  coded  punched  tape  of  the  digital  system  was  processed  through 
electronic  computers  to  convert  the  coded  data  into  engineering  units,  for 
example,  temperatures  in  degrees  F,  forces  in  pounds,  and  positions  in 
degrees.  The  process  involved  a  simple  conversion  of  the  coded  data  into 
engineering  units  by  use  of  a  previously  obtained  set  of  calibration  curves. 

The  output  of  this  process  was  a  printed  listing  of  all  the  data 
with  proper  identification  of  run  and  reading  number  as  well  as  the  measure¬ 
ment  symbol.  Table  VI  presents  a  typical  listing  of  data  for  one  particular 
run  and  reading. 

In  addition  to  the  printed  listing,  certain  propulsion  system  oper¬ 
ating  parameters  were  stored  on  a  punched  card  output  for  use  in  the  coeffi¬ 
cient  reduction  methods  described  below. 
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5.1.3 


Performance  Calculations 


Performance  calculations  for  the  complete  system  were  processed  on 
electronic  computers  in  a  manner  similar  to  both  the  force  and  digital  data. 

The  input  data  for  this  program  was  obtained  from  the  card  outputs  of  the 
force  as  well  as  the  digital  data  programs  described  above.  The  inputs  to  this 
program  consisted  of  the  following  measurements. 

Forces  and  moments  in  conventional  coefficients 
Angle  of  attack  and  sideslip 

2 

Wind  tunnel  velocity  head  in  #/ft. 

J-85  engine  speeds 

Wing  fan  and  pitch  fan  RPM 

Fan  and  engine  inlet  temperature 

Wind  tunnel  temperature  and  total  pressure 

These  inputs  were  then  used  to  calculate  the  aircraft  performance  in 
three  different  systems  of  coefficients;  conventional,  slipstream  and  fan. 
Non-dimensional  velocity  ratios  and  fan  speed  ratios  were  also  computed. 

Table  VII  shows  a  typical  listing  of  the  computed  data  obtained  from  this  program. 

To  perform  these  calculations,  certain  basic  assumptions  concerning 
fan  performance  at  hover  conditions  were  necessary,  particularly  for  computing 
fan  speed  ratios  and  slipstream  velocity  head,  qs.  This  data  is  shown  in 
Figures  7  through  9.  Figure  7  shows  the  assumed  fan  disc  loading  that  was  used 
in  the  computation  of  slipstream  velocity  head,  qs.  Figures  8  and  9  show 
the  basic  engine  speed  -  horsepower  -  fan  speed  relationships  used  in  calcu¬ 
lation  of  the  fan  speed  ratios  throughout  the  transition  envelope.  Although 
these  curves  are  estimated  data,  agreement  with  measured  static  performance  in 
the  tunnel  and  on  the  thrust  stand  was  well  within  expected  measurement 
accuracies,  and  for  practical  purposes  these  curves  show  real  performance. 
Agreement  should  be  good  since  these  estimates  were  based  on  average  fan  per¬ 
formance  obtained  during  f lightworthiness  and  acceptance  tests  of  these  fan 
systems . 
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Appendix  B  presents  the  relationships  that  exist  between  the  three 
forms  of  fan  performance  coefficients.  In  this  report  only  two  coefficient 
forms  will  be  used  for  showing  the  data.  Conventional  coefficients  will  be 
used  for  power-off  (fans-off)  data  and  fan  coefficients  (H's)  will  be  used 
for  all  the  fan-powered  data. 

5.2  STATIC  THRUST  STAND  TESTS 

Data  acquisition  methods  used  during  Phase  I  of  the  static  thrust 
stand  runs  were  not  refined  to  the  point  where  automatic  data  processing  was 
possible.  The  most  important  set  of  data  obtained  during  this  test  phase 
was  the  louver  load  data  as  described  in  detail  in  Appendix  A. 

For  the  Phase  II  test  program,  the  instrumentation  system  was  improved 
to  the  condition  that  allowed  for  automatic  performance  calculations.  A 
specific  reduction  program  using  electronic  computers  was  set  up  to  accept 
the  data  visually  read  from  the  Sanborn  charts.  The  necessary  calculations  of 
forces  and  moments  were  then  performed.  The  reduced  data  was  presented  in 
absolute  force  measurements  as  well  as  fan  and  slipstream  coefficients. 
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6.0  TEST  RESULTS 


The  significant  results  of  both  the  wind  tunnel  and  static  thrust 
stand  tests  will  be  discussed  in  the  following  sections.  The  aircraft  is  in 
the  normal  as-designed  configuration  unless  otherwise  specified.  Similarly 
all  data  will  be  referenced  to  Moment  Center  (MC)  #2  (FS-240,  WL-112). 

Some  data  will  include  Moment  Center  #1  (FS-246,  W-112),  however,  MC  #2  is 
the  center  of  gravity  location  closest  to  that  anticipated  for  use  during 
the  flight  test  program.  When  not  specifically  designated,  the  data  will 
be  presented  for  MC  #2. 

6 . 1  AIRCRAFT  RIGGING 

Prior  to  presentation  or  analysis  of  any  of  the  wind  tunnel  test 
data,  it  is  desirable  to  describe  in  detail  the  rigging  of  the  aircraft  con¬ 
trol  systems  as  it  existed  during  this  test  program.  In  particular,  it  is 
necessary  to  understand  the  corresponding  motions  of  the  fan  exit  louvers 
and  pitch  fan  modulator  doors  with  respect  to  the  possible  control  inputs. 

Prior  to  conduct  of  the  tests,  the  aircraft  was  rigged  according  to  specifi¬ 
cation.  The  following  data  presents  the  control  surface  motions  that  were 
experienced  during  conduct  of  the  test  program  when  the  specific  control  in¬ 
puts  were  commanded. 

6.1.1  Vector  command 

The  vector  command  function  is  the  means  used  for  control  of 
collective  vector  of  the  wing  fan  louvers.  Collective  vector,  B^,  is  defi  led 
as  the  average  louver  angle  of  the  fan  system.  In  the  normal  aircraft, 
control  of  this  function  is  obtained  by  a  roller  switch  on  the  conventional 
control  stick  grip.  A  cockpit  dial  for  vector  command  indication  is  provided 
on  the  instrument  panel.  Vector  command  is  the  readings  as  presented  on  the 
d  ia  1 . 

Figure  10  shows  the  variation  of  the  individual  louvers  with  respect 
to  vector  command  for  approximately  neutral  controls;  50  percent  collective 
will  be  referred  to  as  neutral  and  variations  of  longitudinal  stick  do  not 
effect  the  vector  command  function.  Figure  11  shows  the  same  data  in  terms  of 
average  louver  angle  and  stagger  angle  for  the  left  and  right  wing  fans.  This 
data  shows  that  the  rigging,  although  within  rigging  tolerances,  has  a  slight 
yaw  left  and  roll  right  input  at  the  louvers  for  approximately  neutral  controls. 
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6.1.2  Longitudinal  Stick 

The  longitudinal  control  stick  controls  the  motion  of  the  pitch  fan 
modulator  door  in  the  fan-mode  as  well  as  the  conventional  elevator.  The 
authority  of  the  longitudinal  stick  motion  on  the  elevator  is  fixed  while 
the  authority  on  the  pitch  door  is  programmed  with  respect  to  the  vector 
command  function. 

Figure  12  shows  the  pitch  fan  door  and  elevator  positions  for 
corresponding  longitudinal  stick  position  for  a  range  of  vector  command 
angles.  The  reduction  of  longitudinal  stick  authority  on  the  pitch  fan  door 
with  increasing  vector  command  is  clearly  apparent  from  this  data.  Similarly, 
the  constant  elevator  authority  is  apparent.  By  comparison  of  the  pitch  fan 
door  angle  and  rigging  tolerances,  it  may  be  concluded  that  a  13  degree  for¬ 
ward  stick  motion  is  the  limit  value. 

Figure  13  shows  the  variation  of  pitch  fan  door  position,  at  neutral 
stick,  with  vector  command.  Gearing  ratios  for  pitch  fan  door  with  respect  to 
vector  command  angle  and  longitudinal  stick  angle  are  presented  as  a  function 
of  the  other  variables. 

6.1.3  Collective  Stick 

Collective  stick  control  is  a  control  function  characteristic  of 
fan  mode  flight  only.  Collective  stick  motions  have  control  authority  over 
collective  stagger  of  the  wing  fans  as  well  as  a  small  amount  of  pitch  modu¬ 
lator  control.  The  authority  of  the  collective  control  diminishes  rapidly  at 
high  vector  angles.  It  begins  to  diminish  at  a  vector  command  of  about  15 
degrees  and  is  completely  washed  out  by  about  30  degrees. 

Figure  14  shows  the  effects  of  collective  stick  position  on  wing 
fan  vector  and  stagger  angles  for  three  vector  angles  of  0  degrees,  16  degrees, 
and  29  degrees.  Also  shown  is  the  control  authority  of  the  collective  stick 
on  the  pitch  fan  modulator. 

Figure  15  shows  the  geanng  ratios  for  collective  control  of  the 
wing  fan  stagger  and  pitch  fan  modulator  door  angle.  The  wash-out  of 
collective  authority  is  clearly  apparent  from  the  lower  figure. 
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Lateral  Stick 


Motion  of  the  lateral  stick  controls  two  functions  similar  to  the 
case  of  longitudinal  stick  motions.  In  addition  to  controlling  the  aileron, 
motions,  the  lateral  stick  controls  louver  stagger  (differentially).  This 
then  provides  for  continuous  roll  control  from  zero  speed  where  fan  momentum 
control  is  used  up  to  high  transition  speeds  where  aerodynamic  control 
effectiveness  becomes  predominant. 

Figure  16  shows  the  variation  of  louver  stagger  and  vector  angles 
for  each  fan  system  versus  lateral  stick  position.  These  are  shown  for  vector 
command  angles  of  0  degrees,  11  degrees,  16  degrees,  and  29  degrees.  At  vector 
angles  above  30  degrees  there  is  no  corresponding  change  in  stagger  angle  with 
lateral  stick  motions.  Also  shown  in  Figure  16  is  the  corresponding  aileron 
motions  with  lateral  stick  position.  This  aileron  motion  applies  to  45  degrees 
flap  deflection  and  the  corresponding  15  degree  aileron  droop.  At  neutral 
stick  it  may  be  observed  that  both  ailerons  are  deflected  to  about  15  degrees 
trailing  edge  down. 

Figure  17  shows  the  louver  stagger  (differential)  gearing  ratios  as 
a  function  of  vector  command.  This  data  clearly  shows  the  wash-out  of  the 
lateral  control  function  in  the  fan  louver  system. 

6.1.5  Directional  Rigging 

Directional  control  or  rudder  pedal  deflections  cause  a  combined 
fan  louver  and  conventional  rudder  motion.  However,  when  a  rudder  pedal  in¬ 
put  is  applied  there  is  not  only  a  corresponding  change  in  louver  vector  angle, 
right  to  left,  but  also  an  associated  louver  differential  stagger  input  in  the 
direction  of  a  favorable  roll  control  input.  This  built  in  programming  was 
anticipated  in  the  control  system  design  in  order  to  correct  for  an  adverse 
roll  that  would  occur  with  yaw  control  inputs  during  the  fan  mode  of  flight. 

Figures  18  and  19  show  the  corresponding  louver  vector  and  stagger 
angles  experienced  by  the  fans  for  a  complete  range  of  vector  command  angles. 
Rudder  inputs  at  neutral  lateral  control  as  well  as  at  full  reverse  roll  in¬ 
puts  are  shown.  Figure  20  shows  this  data  in  the  form  of  differential  vector 
and  stagger  angles  versus  rudder  input  and  vector  command.  This  is  a  more 
direct  method  of  looking  at  the  basic  control  authorities.  Using  this  data, 
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the  gearing  of  vector  and  stagger  angles  with  rudder  pedal  input  was  obtained 
and  is  shown  in  Figure  21. 

6.1.6  Conventional  Aircraft  Control  Rigging 

The  deflections  of  the  rudder,  elevator  and  ailerons  with  the 
corresponding  stick  motions  were  previously  discussed  for  the  case  of  operating 
in  the  fan  mode.  In  addition  to  this  rigging,  there  are  additional  control 
motions  more  characteristic  of  the  conventional  flight  configuration. 

Figure  22  shows  the  relationship  of  aileron  deflections  with  lateral 
stick  motion  for  a  range  of  flap  deflections.  This  change  in  aileron  gearing 
is  a  result  of  the  aileron  droop  variation  with  flap  angle  setting. 

Another  characteristic  of  the  rigging  of  the  aircraft  conventional 
controls  is  shown  in  Figures  23  and  24.  Figure  23  shows  the  relationship  of 
elevator  deflection  with  longitudinal  stick  for  a  range  of  horizontal  stabi¬ 
lizer  settings.  From  this  data  it  may  be  shown  that  the  elevator  gearing 
ratio  is  related  to  the  stabilizer  incidence  angle.  This  effect  is  shown  in 
the  upper  curve  in  Figure  24  as  a  function  of  stabilizer  incidence  angle.  The 
lower  figure  shows  some  additional  data  relating  the  change  in  elevator  angle 
with  the  longitudinal  stick  fixed  as  the  stabilizer  is  moved  through  the  com¬ 
plete  incidence  range. 

6.2  CONVENTIONAL  AIRCRAFT  PERFORMANCE 

As  part  of  the  complete  test  program,  numerous  tests  were  performed 
on  the  aircraft  in  the  conventional  flight  configuration.  These  tests  were 
run  at  a  velocity  of  80  knots  (q  =  21  psf )  .  The  following  discussion 
will  present  the  results  of  this  part  of  the  test  program. 

6.2.1  Longitudinal  (Angle  of  Attack)  Characteristics 

Figures  25  through  29  show  the  variation  of  longitudinal  character¬ 
istics  with  angle  of  attack  for  a  number  of  conventional  flight  configurations. 
Figures  25  and  26  show  the  effects  of  flap  setting  on  conventional  lift,  drag 
and  pitching  moments.  Note  that  the  horizontal  stabilizer  incidence  angle  was 
set  at  -4.5  degrees  during  the  30  degree  flap  setting  as  compared  to  zero 
degrees  during  the  zero  and  45  degree  flap  settings. 


24 


Figur*  s  27  and  28  show  the  longitudinal  characteristics  of  the  two 
aircraft  conf  igurat  ics  that  »  yist  during  the  intervals  between  the  conventional 
mode  of  flight  and  tin  fan  powered  mode.  Figure  27  is  for  the  "pre-conversion" 
configuration  that  occurs  during  flight  when  the  aircraft  is  prepared  fov 
conversion  by  opening  up  the  fan  louvers,  pitch  fan  inlet  and  pitch  fan  modu¬ 
lator  doors.  The  aircratt  must  be.  capable  of  sustained  flight  in  this  condi¬ 
tion.  Note  that  i-j  order  to  test,  this  configuration,  the  engines  were  running 
at  idle  pow«r  setting  in  order  to  provide,  hydraulic  pressure  for  restraining 
the.  wing  fan  louver^  and  pitch  modulator  doors.  Figure  31  shows  the  estimated 
lift,  drag  and  merm  nt  contributions  due  to  this  level  of  engine  power. 

Figerr  28  shows  t  h*--  longitudinal  i  haractnr  ist  ics  as  obtained  for 
the  aircraft  in  the  "VTOL- conv- rted"  condition.  This  condition  of  the  air¬ 
craft  is  a  transient  sitjatio"  that  occurs  during  the  short  interval  between 
the  time  the  wi-«g  fan  door.-  opc”  a-d  th«-  time  the  diverter  valve  actuates 
and  th<  fa"s  pick  up  spl  t d  . 

Figure  29  shows  the.  effects  of  landing  gear  on  the  lift,  drag  and 
pitching  moments  for  a  flap  setting  of  30  degrees.  During  the  tests  when  this 
set  of  data  was  obtained  hydraulic  boost  was  not  maintained  on  the  ailerons, 
and  as  a  result,  the  ail-  rens  tend  d  t $  lloat  upwards  as  compared  to  the 
normal  droop  position  figure  30  shown  a  comparison  of  the  aileron  angles 
for  this  St  t  ot  test  data,  a"d  th  -ormal  aileron  angles.  Corrections  were 
estimated  for  this  change  in  aileron  droop  and  are  shown  in.  Figure  29.  The 
drag  and  lift  corrections  were  negligible,  the  only  significant  correction 
is  in  the  pitching  momf  nt  as  stown 

6.2.2  Lateral  •  Directional  (Sideslip)  Characteristics 

FigurEs  32  through  36  show  the.  variation  of  longitudinal  and  lateral 
characteristics  with  angle,  of  sidi  slip  for  a  number  of  conventional  flight 
conf igurat  ions .  Figurt  s  32  and  33  show  longitudinal  and  lateral-directional 
characteristics  for  variable  sideslip  angles  at  an  angle  of  attack  of  zero 
degrees  and  t8  degrees.  Figuri  32  is  for  flaps  at  zero  degrees  and  Figure  33 
for  flaps  at  45  degrees. 
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Figures  34  and  35  show  the  longitudinal  and  lateral-directional 
characteristics  for  a  range  of  sideslip  angles  for  the  two  intermediate  air¬ 
craft  configurations  that  occur  during  the  conversion  cycle.  Figure  36 
shows  effects  of  landing  gear  on  the  lateral-directional  characteristics 
during  sideslip. 

6.2.3  Control  Power 

Figures  37  through  42  show  the  effectiveness  of  each  of  the  control 
systems  for  the  conventional  aircraft  configuration.  Figures  37  and  38 
show  the  force  and  moment  capability  of  the  longitudinal  control  systems. 
These  include  the  horizontal  stabilizer  incidence  and  longitudinal  stick 
motions . 

Figures  39  through  41  show  the  lateral  control  effectiveness  of  the 
ailerons  for  three  different  flap  settings.  These  three  different  flap  set¬ 
tings  are  equivalent  to  three  different  aileron  droop  values  at  which  the 
effectiveness  was  measured.  It  should  be  noted  here  that  there  is  a  corres¬ 
ponding  change  in  longitudinal  stick  position  with  lateral  stick  motions  and 
conversely.  This  cross-coupling  is  due  to  the  mechanics  of  the  actuation 
system  used  to  move  the  controls.  Figure  43  shows  this  relationship  between 
longitudinal  and  lateral  stick  motions. 

Figure  42  shows  the  aircraft  forces  and  moments  as  a  result  of 
rudder  pedal  deflections  with  the  flaps  at  45  degrees. 

6.3  FAN  POWERED  AIRCRAFT  PERFORMANCE 


The  following  discussion  will  be  concerned  with  the  presentation 
of  data  obtained  for  the  normal,  unmodified  aircraft  while  operating  in  the 
fan  mode  of  flight  from  hover  speed  up  through  maximum  fan-supported  flight 
speeds.  The  test  philosophy  used  in  gathering  the  data  was  to  first  approxi¬ 
mately  trim  the  aircraft  in  drag  and  pitch  moments  at  a  given  set  of  tunnel 
and  fan  speed  conditions.  Then  changes  in  all  control  functions  and  aircraft 
attitudes  from  this  trimmed  condition  were  tested.  The  following  is  a  discussion 
of  this  data  which  is  shown  in  Figures  44  through  74. 
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6.3.1 


Longitudinal  Characteristics  (Angle  of  Attack) 

Figures  44  and  45  show  the  variation  of  lift,  drag  and  pitching 
moments  with  angle  of  attack  for  a  range  of  cross-flow  velocity  ratios, , 
from  0.11  to  0.26.  These  values  of /u.  are  equivalent  to  true  airspeeds  of  from 
approximately  40  knots  to  110  knots  at  full  engine  power. 

The  more  important  results  shown  in  these  figures  are: 

Lift  increases  with  increased  angle  of  attack. 

Drag  increases  with  increased  angle  of  attack. 

Moments  decrease  with  increased  angle  of  attack  for  MC  #2 
up  to  a  certain  angle,  after  which  they  begin  to  increase 
with  a  farther  angle  of  attack  Increase.  Decreasing  moments 
with  angle  of  attack  indicates  a  longitudinal  statlcally- 
stable  aircraft. 

6.3.2  Lateral  -  Direct  loir*  1  Characteristics 

Figures  46  through  48  present  the  lateral-directional  characteris¬ 
tics  for  the  fan  mode  of  operation  in  the  form  of  forces  and  moments  versus 
angle  of  sideslip.  Angle  of  attack  is  zero  unless  otherwise  noted. 

6.3.3  Vector  Command  Effectiveness 

Figures  49  through  53  show  the  variation  of  forces  and  moments 
with  changes  in  the  vector  command  function.  Each  figure  shows  the  effects 
of  changing  vector  command  at  a  particular  cross-flow  ratio.  For  each  range 
of  test  data,  all  other  control  functions  were  held  fixed.  However,  it  should 
be  noted  that  even  with  the  longitudinal  stick  fixed,  changes  in  vector  com¬ 
mand  will  produce  changes  in  the  pitch  modulator  door  as  shown  by  the  rigging 
data  in  Figure  12. 

The  data  shown  in  Figure  49  were  obtained  during  the  Phase  II  Static 
Thrust  Stand  Tests  while  all  other  performance  is  a  result  of  the  wind  tunnel 
tests . 

6.3.4  Longitudinal  Control  Effectiveness 

Longitudinal  control  effectiveness  is  shown  in  Figures  54  through 
58  for  a  range  of  cross-flow  ratios  it  approximately  trimmed  conditions  of 
exit  louver  vector  command.  These  figures  show  the  control  effectiveness 
for  the  fan  mode  of  flight  where  motions  of  the  longitudinal  stick  produce 
both  elevator  and  pitch  moculator  door  motions.  Therefore,  the  moments  and 
forces  as  shown  represent  the  sum  of  both  reaction  and  aerodynamic  control. 
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Figure  54  shows  the  effectiveness  at  zero  flight  spend  as  obtained 
during  the  Phase  II  Static  Thrust  Stand  runs.  During  these  tests,  problems  In 
strain  gage  load  cells  caused  drifting  during  the  conduct  of  the  tests.  This 
drifting  shows  Itself  mostly  in  the  measured  moments,  in  particular  the  pitch 
moment.  Even  though  this  drift  did  occur  and  the  absolute  level  of  the  measure¬ 
ments  arc  in  error,  the  small  changes  due  to  longitudinal  stick  motions  should 
be  valid  because  of  the  rapidity  at  which  the  data  was  taken  for  each  series 
of  runs . 

6.3.5  Lateral  Control  Ef tect 1 veness 

Figures  59  through  65  show  the  effectiveness  of  the  lateral  control 
system  In  changing  forces  and  moments  of  the  aircratt.  Here  again,  the 
lateral  control  function  operates  the  conventional  ailerons  in  conjunction  with 
movement  of  the  fan  exit  louvers  as  shown  in  the  previous  rigging  of  the  system. 

The  variation  of  lateral  control  effectiveness  for  a  range  of  trimmed 
cross-flow  ratios  is  shown  in  Figures  59  through  63  at  a  wing  angle  of  attack 
of  zero.  Figures  64  and  65  show  the  lateral  control  effectiveness  fo*-  some 
extreme  angles  of  pitch  and  sideslip  in  the  lower  flight  speed  conditions. 

6.3.6  Collective  Control  Effectiveness 

Collective  control  is  purely  a  fan  thrust  (lift)  control  function. 
Measured  force  and  moment  variations  due  to  movement  of  this  control  are  shown 
in  Figures  66  through  68.  Again,  the  data  shown  for  zero  flight  speed  in 
Figure  66  were  obtained  on  the  static  thrust  stand  and  drifting  of  moments, 
both  pitch  and  roll,  is  apparent.  For  these  test  runs  there  was  a  re-rigging 
of  the  collective  authority  over  fan  stagger.  This  changed  rigging,  as  shown, 
gave  a  collective  authority  range  of  from  13  to  30  degrees  of  stagger.  Pre¬ 
vious  rigging  was  from  13  to  37  degrees  of  stagger.  When  using  this  data 
appropriate  rigging  corrections  must  be  applied. 

6.3.7  Directional  Control  Effectiveness 

Force  and  moment  changes  due  to  rudder  pedal  inputs  arc  depicted 
in  Figures  69  through  74.  Each  curve  presents  forces  and  moments  for  a  given 
cross-flow  ratio  versus  rudder  pedal  position.  Most  of  the  figures  include  an 
excursion  of  rudder  pedals  for  neutral  lateral  stick  position  as  well  as  full 
reverse  control  inputs.  There  is  no  equivalent  rudder  effectiveness  presented 
at  zero  flight  speed  due  to  insufficient  test  data  at  the  time  this  test 
condition  was  run. 


28 


4 


6.3.8 


Horizontal  Stabilizer  Effectiveness 


The  effectiveness  of  the  horizontal  tail  as  a  trim  device  was  tested 
at  one  of  the  higher  cross-flow  ratios  equivalent  to  near  maximum  fan  supported 
flight.  This  is  shown  in  Figure  75  in  terms  of  lift,  drag  and  pitch  moment 
variations  versus  horizontal  stabilizer  incidence  angle. 

6.4  FAN  POWERED  AIRCRAFT  PERFORMANCE  -  PITCH  FAN  "OFF" 

The  wind  tunnel  test  program  included  a  series  of  tests  to  investi¬ 
gate  the  performance  of  the  aircraft  in  the  fan  mode  with  the  pitch  fan  "off". 
The  system  used  for  shutting  off  the  pitch  fan  was  described  in  Paragraph  3.5. 
Figure  76A  shows  the  estimated  tailpipe  thrust  component  resulting  from  the 
equivalent  pitch  fan  flow  discharge.  Figure  76B  shows  the  estimated  lift  and 
thrust  components  in  coefficient  form  for  a  range  of  power  settings.  A  thrust 
angle  of  5.5  degrees  and  a  reasonable  fan-to-engine  speed  ratio  was  used  to 
obtain  the  esM-,ates. 

Th  fan  "off"  performance  data  presented  in  this  report  do 

not  include  i 're  above  corrections. 

6.4.1  Longitudinal  Characteristics  (Angle  of  Attack) 

Variations  of  lift,  drag  and  pitcl.ing  moments  with  angle  of  attack 
are  shown  in  Figure  77.  This  data  was  obtained  at  two  different  power  levels 
for  the  conditions  of  near-trimmed  lift  and  moments  at  zero  angle  of  attack. 
Angle  of  attack  variations  were  made  holding  control  and  power  settings 
constant . 

6.4.2  Lateral  -  Directional  Characteristics  (Angle  of  Sideslip) 

Figures  78  and  79  show  the  variation  of  forces  and  moments  with 

angle  of  sideslip  for  two  representative  trimmed  flight  conditions. 

6.4.3  Vector  Command  Effectiveness 

With  the  aircraft  approximately  trimmed  in  drag  and  moments,  excur¬ 
sions  of  vector  command  were  run  with  all  other  variables  held  fixed.  This 
data  is  shown  in  Figures  80  through  83  for  a  range  of  cross-flow  velocity 
ratios  approximating  flight  speed  from  about  50  to  100  knots. 
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6.4.4 


Longitudinal  Control  Effectiveness 

With  the  pitch  fan  inoperative,  longitudinal  control  is  provided 
solely  by  the  aerodynamic  controls  (stabilizer-elevator  system).  Figures  84 
through  87  show  the  measured  changes  in  forces  and  moments  due  to  longitudi¬ 
nal  stick  inputs  and  the  attendant  elevator  motions. 

6.4.5  Lateral  Control  Effectiveness 

Inputs  from  the  lateral  stick  produce  the  same  motions  of  the  fan 
louver  system  and  conventional  ailerons  whether  the  pitch  fan  is  operating 
or  not.  As  a  check  on  possible  influences  of  pitch  fan  operation  on  the  flow 
distributions  over  the  wings  and  fan,  lateral  control  effectiveness  was  mea¬ 
sured  and  the  resulting  data  plotted  in  Figures  88  and  89  for  two  different 
cross-flow  ratios. 

6.4.6  Directional  Control  Effectiveness 

Although  the  mechanical  operation  of  the  directional  control  system 
is  not  effected  by  the  shutdown  of  the  pitch  fan,  directional  control 
effectiveness  tests  were  run  with  the  pitch  fan  "off",  and  the  results  are 
shown  in  Figures  90  and  91. 

6.4.7  Horizontal  Stabilizer  Effectiveness 

Figures  92  and  93  present  the  effectiveness  of  the  horizontal 
stabilizer  in  controlling  the  pitching  moments  of  the  system.  This  data  is 
shown  as  lift,  drag  and  pitching  moments  versus  tail  incidence  angle  at  two 
cross-flow  ratios. 

6.5  FAN  SPEED  RATIOS 

Throughout  the  complete  test  program,  measurements  of  fan  and  engine 
RPM's  as  well  as  inlet  temperatures  were  obtained  at  each  test  point.  Using 
the  measured  engine  RPM  and  inlet  temperature  data  in  association  with  the 
estimated  performance  shown  in  Figures  8  and  9,  a  hover  or  zero  flight  speed 
fan  RPM  was  calculated.  This  established  a  base  on  reference  speed  for  the 
gas  generator  power  setting  being  employed.  This  base  speed  when  compared 
to  the  measured  fan  speed  provides  a  correlation  paiameter  called  fan  speed 
ratio.  In  sumrary,  this  correlating  parameter  is  the  ratio  of  fan  RPM  that 
would  exist  at  a  given  flight  condition,  to  the  fan  RPM  that  would  exist  at 
zero  flight  speed  and  the  same  gas  generator  power  (RPM)  setting. 
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During  the  test  program,  it  became  apparent  that  this  fan  speed 
ratio  is  influenced  by  almost  every  variable  tested.  The  following  data  pre¬ 
sents  these  speed  ratios  in  a  systematic  fashion. 

6.5.1  Variable  Forward  Speed 

Figures  94  and  95  show  the  variation  of  speed  ratio  with  crossflow 
for  the  three  fan  systems.  These  data  were  obtained  at  near  trimmed  drag 
conditions.  The  vector  command  angle  required  is  shown  on  the  figures. 

Figure  94  was  obtained  at  the  hi  power  setting  while  Figure  95  was  at  the 
lo  power  level.  These  figures  show  the  speed  trends  to  be  as  follows: 

•  Pitch  fan  speed  changes  very  little  with  cross-flow. 

•  Both  wing  fans  exhibit  a  fan  speed  increase  of  between  9 
to  107.  from  hover  speed  at  the  same  power  setting. 

•  At  a  cross-flow  ratio  of  0.25  there  appears  to  be  the 
possibility  that  the  fan  speed  ratio  has  reached  a 
peak  value. 

6.5.2  Variable  Angle  of  Attack 

The  variation  of  wing  and  pitch  fan  speed  ratios  with  angle  of 
attack  of  the  aircraft  is  shown  in  Figures  96  through  98.  Figures  96  and  97, 
taken  at  different  fan  speed  levels,  show  a  definite  fan  speed  Increase  with 
angle  of  attacks  from  -5  degrees  to  about  +5  degrees.  As  for  the  pitch  fan 
speeds  shown  in  Figure  98,  a  steady  rise  in  speed  with  Increased  angle  of 
attack  is  apparent  for  all  speed  conditions. 

6.5.3  Variable  Angle  of  Sideslip 

Figure  99  shows  the  variation  of  wing  fan  and  pitch  fan  speeds  with 
angle  of  yaw  or  sideslip.  Figure  105  shows  only  the  wing  fan  speeds  with  yaw 
or  sideslip  since  the  pitch  fan  is  "off". 

6.5.4  Variable  Control  Inputs 

Figures  100  through  104  show  th-:  variation  of  some  of  the  signifi¬ 
cant  fan  speed  changes  with  control  systen  Inputs.  Data  taken  at  zero  flight 
speeds  are  not  presented  because  the  data  were  obtained  during  conditions  of 
severe  reingestion.  These  conditions  produce  fluctuations  in  fan  speeds 
of  much  larger  levels  than  would  be  expected  from  the  basic  cortrol  inputs. 
Therefore,  valid  data  could  not  be  obtained  during  these  conditions. 


Some  of  the  more  interesting  points  apparent  in  these  figures  are: 

•  Input  of  roll  or  lateral  control  causes  fan  speed  changes 
only  at  low  flight  speeds  where  the  roll  authority  on  louver 
stagger  is  greatest. 

•  A  similar  situation  occurs  for  collective  control  inputs  at 
low  speeds.  Full-down  collective  when  maximum  stagger  occurs 
causes  highest  fan  speeds. 

•  Very  little  or  no  fan  speed  changes  occur  due  to  rudder  in¬ 
puts,  with  or  without  full  lateral  stick  inputs. 

•  Pitch  fan  speed  changes  with  longitudinal  stick  inputs  are 
small,  less  than  1  percent. 

0.6  HORIZONTAL  STABI LIZER  MODIFICATIONS 

As  a  result  of  early  test  results,  a  sequence  of  runs  were  performed 
in  an  attempt  to  improve  the  longitudinal  stability  ot  the  aircraft  system  at 
high  angle  of  attacks.  These  tests  included  the  addition  of  a  leading  edge 
slat  on  the  normal  horizontal  tail  as  well  as  increasing  the  total  horizontal 
tail  area  by  the  use  of  tip  extensions.  the  following  data  summarizes  the  re¬ 
sults  of  this  phase  of  the  wind  tunnel  tests. 

6.6.1  Longitudinal  Characteristics  (Angle  of  Attack) 

Figures  106  through  108  show  the  variation  of  lift,  dra^  and  moments 
for  a  range  of  approximate  trimmed  flight  conditions  and  for  three  different 
tail  configurations.  Figure  106  show-.  performance  for  the  normal  tail  configu¬ 
ration  with  the  leading  edge  slat  installed.  Figure  107  and  108  show  perfor¬ 
mance  for  the  tail  with  tip  extensions,  both  with  and  without  the  leading  edge 
slat.  All  sets  of  data  show  the  characteristic  increases  in  lift  and  drag 
with  angle  of  attack.  The  moment  data  show  a  positive  (stable)  stability  at 
low  angles  of  attack  followed  by  a  negative  (unstable)  stability  at  the  higher 
ang  les . 

Figures  109  and  110  present  longitudinal  characteristics  for  a  range 
of  fixed  control  settings  at  two  equivalent  speeds  of  about  4U  to  60  knots. 

The  change  in  longitudinal  stability  (changr  in  moments  with  respect  to  angle 
of  attack)  is  apparent  in  both  figures  at  the  high,  positive  (nose  down)  values 
of  longitudinal  stick  setting. 
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6.6.2  Horizontal  Stabilizer  and  Longitudinal  Control  Effectiveness 

The  effectiveness  of  the  horizontal  stabilizer  in  terms  of  moment, 
lift  and  drag  change  with  angle  of  incidence  is  shown  in  Figures  111  through 
118. 

Figures  119  through  121  show  the  longitudinal  control  effectiveness 
at  two  values  of  cross-flow  ratio  for  each  of  the  three  tail  configurations. 

6.7  PITCH  INDICATOR  CALIBRATION 

During  part  of  the  test  program,  the  flow  angle  as  measured  by  the 
pitch  or  angle  of  attack  indicator  was  recorded  for  a  range  of  aircraft  atti¬ 
tudes  and  flight  speeds.  Figures  122  and  123  present  the  variations  of  the 
measured  angle  of  attack  versus  the  geometric  angle  of  the  aircraft  in  the 
tunnel.  The  data  are  shown  for  a  range  of  cross-flow  ratios  for  both  the 
pitch  fan  "on"  as  well  as  the  special  cases  with  it  "off".  Also  shown  is  the 
lines  of  zero  deviation  or  the  true  indication. 

Using  this  data,  it  is  possible  to  summarize  the  characteristics  as 
a  zero  intercept  and  a  slope  for  a  range  of  cross-flow  ratios.  This  has  been 
done  and  is  shown  in  Figure  124.  This  figure  shows  that  both  the  zero  inter¬ 
cept  as  well  as  the  slope  increase  with  decreasing  cross-flow  ratio.  At  very 
low  speeds  the  values  are  indetermediate  because  the  velocity  at  the  nose 
boom  is  essentially  zero.  The  zero  deviation  line  shown  in  Figures  122  and  123 
is  defined  by  the  condition;  that  as  the  cross-flow  ratio  approaches  infinity, 
the  zero  intercept  should  approach  zero  and  the  slope  should  be  1.0.  Figure 
125  shows  the  test  data  replotted  against  the  inverse  of  the  cross-flow  ratio, 
and  a  reasonable  lairing  of  the  data  through  the  zero  intercept  is  possible 
for  both  the  slope  and  the  zero  angle  of  attack  error.  The  analysis  tends 
to  show  that  the  pitch  attitude  calibration  as  obtained  is  a  correct  set  of 
data  and  these  errors  or  deviations  angles  are  apparently  due  to  flow  distor¬ 
tion  at  the  nose  boom.  It  is  not  known  whether  this  distortion  is  due  to  the 
fan-wing  effects  or  due  to  wind  tunnel  flow  angularities  as  a  result  of  fan 
ope  rat  ion . 
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7.0  ANALYSIS  OF  RESULTS 


The  following  discussion  will  be  concerned  primarily  with  the 
development  of  a  series  of  basic  curves  and  characteristics  that  will  summa- 
rize  the  complete  low  flight  speed  operating  envelope  of  the  aircraft  system. 
The  methods  to  be  used  in  summarizing  the  data  will  be  to  first  obtain  a 
reference  set  of  trimmed  flight  characteristics  and  then  provide  a  means  of 
perturbating  from  this  reference.  First  the  performance  of  the  conventional 
aircraft  system  will  be  presented,  followed  by  the  fan  powered  mode  of  flight. 
7.1  CONVENTIONAL  PERFORMANCE 

Figures  126  and  127  show  the  estimated  trimmed  lift,  drag  and  longi¬ 
tudinal  control  characteristics  for  the  three  flap  settings  tested.  To  obtain 
these  curves  the  basic  untrimmed  polars  shown  in  Figures  25  through  29  were 
first  trimmed  using  the  horizontal  stabilizer  effectiveness  and  elevator  effec¬ 
tiveness  shown  in  Figures  37  and  38.  For  the  power-on  characteristics,  the 
thrust  component  of  the  propulsion  system  was  assumed  to  act  at  a  5.5  degree 
inclination  relative  to  the  aircraft  reference  plane.  For  trimmed  thrust  com¬ 
ponents,  the  lift  increment  was  computed  and  the  moment  contribution  assumed 
to  be  negligible.  This  resulted  in  the  curves  shown  in  Figure  127. 

Figure  128  is  a  comparison  of  trimmed  lift,  drag  and  longitudinal 
control  for  the  three  intermediate  configurations  that  exist  during  a  con¬ 
version  cycle.  All  of  the  data  are  presented  for  the  gear-up  condition. 

The  gear  lift,  drag  and  moment  increments  are  shown  in  Figure  129. 
These  characteristics  were  obtained  from  Figure  29  using  corrections  for 
differences  in  longitudinal  control  settings  as  well  as  the  floating  ailerons. 
Ailerons  floated  because  of  failure  to  have  hydraulic  boost  on  the  system. 

All  of  characteristics  are  very  close  to  predictions,  with  the 
largest  deviation  being  the  existence  of  an  exceptionally  favorable  large  lift 
increment  due  to  full-flap  deflection.  The  more  significant  stability  and 
control  parameters  for  the  conventional  aircraft  configuration  are  presented 
in  Table  VIII.  This  table  presents  the  significant  static  deviations  of 
forces  and  moments  for  both  longitudinal  and  directional  motions  of  the  air¬ 
craft  as  well  as  those  due  to  control  inputs. 

This  table  along  with  Figures  126  through  129  summarizes  the  conven¬ 
tional  aircraft  performance  obtained  during  this  test  program. 
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7.2  FAN  POWERED  PERFORMANCE 

The  techniques  to  be  used  in  summarizing  the  test  results  during 
the  fan  powered  mode  of  flight  will  be.  to  present  all  data  in  the  form  of 
partial  derivatives  with  respect  to  a  single  variable  -  all  other  variables 
remaining  fixed.  This  means  that  the  significant  forces  and  moments  effected 
by  any  aircraft  attitude  or  control  displacement  will  be.  reduced  to  the  closest 
linear  approximation  and  be  presente  d  as  a  derivative.  This  derivative  may 
then  be  used  in  conjunction  with  a  set  of  trimmed  transition  characteristics  to 
obtain  system  performance  for  small  pt  rt urbat  ions  from  the  trimmed  condition. 
This  is  normally  the  way,  only  slightly  untrimmed,  the  aircraft  will  be  flown 
in  the  fan  powered  mode.  The.  following  discussion  will  be  concerned  with 
the  sources  of  data  ust  d  and  prc-se  n.tat  ion  of  the  basic  set  of  performance 
parameters . 

7.2.1  Effects  of  Aircraft  Attitude. 

The  effects  of  aircraft  attitudf  will  be  p resented  as  derivatives  of 
forces  and  moments  with  respect  to  a~gl-s  ot  attack  and  sideslip.  No  inter¬ 
action  between  the  two  ax.  s  will  be  assum  d  in  presenting  this  data. 

The  longitudinal  charac ter i st tc s  (angl>  of  attack  variable)  as 
shown  in  Figures  44  and  45  w  re.  used  to  obtain  the  derivatives  of  lift,  drag 
and  pitching  moments  with  resp  ct  to  a->gl  of  attack.  Prior  to  obtaining 
these  derivatives,  it  was  fir^t  observed  th-it  a  definite  break  occurs  in 
the  moment  variation  with  angle  of  attack.  This  break  was  traced  to  a  pitch 
fan  type  of  interference  effect.  *  ow  v-.r,  for  th*-  "ormal  aircraft  configu¬ 
ration  for  near  trimmed  condition,  the  avgl  at  which  this  break  occurs  may 
be  definitely  defined.  Tigure  139  pr  vts  a  summary  of  data  for  the  break 
angle  of  attack  versus  cross-flow  ratio.  In  obtaining  the.  derivatives  of 
moment  with  respect  to  a~gle  of  attack,  two  valvs  w  rt  taken  at  angles  both 
below  and  above  the  pitching  momrnt  brrak  point. 

Figure  131  presents  the  dtrivativts  with  n  spect  to  angle,  of  attack 
for  the  complete  fan  powt  red  envs  lop*-  .  lh>  values  at  hover  speeds,  cross-flow 
equal  to  zero,  were  estimated  using  static  i an  ptrformanct  and  rigging  of  the 
aircraft  louver  and  pitch  modulator  door  syst.-ms  It  is  interesting  to  note 
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the  following  concerning  the  longitudinal  stability  derivatives  shown  in 
the  figure. 

Lift  changes  with  angle  of  attack  are  very  nearly  equal 
to  those  of  the  conventional  aircraft. 

Longitudinal  stability  (moment  change  with  respect  to 
angle  of  attack)  is  always  stable  but  is  about  1/2  the 
value  of  the  conventional  aiicraft.  This  is  true  at  angles 
below  the  break  in  moments;  at  angles  above  this  break  the 
aircraft  is  unstable. 

•  Change  in  horizontal  thrust  or  drag  with  angle  of  attack 
is  nearly  constant  throughout  the  flight  envelope. 

Figure  132  presents  the  data  from  Figures  46  through  48  in  terms  of 
lateral  stability  derivatives.  The  data  show  an  increase  in  both  lateral 
and  directional  stability  over  that  experienced  by  the  conventional  aircraft 
configuration . 

7.2.2  Control  Characteristics 

The  aircraft  when  in  the  fan  powered  mode  of  flight  is  subject  to 
all  normal  conventional  type  controls  as  well  as  some  new  type  control  systems 
characteristic  of  the  fan  system.  The  control  inputs,  other  than  engine  power 
levels  are: 

Longitudinal  stick 

■  Lateral  stick 

•  Rudder  pedals 

•  Collective  stick 

•  Vector  command 

•  Horizontal  stabilizer  incidence 

The  first  three  control  inputs  operate  on  both  fan  control  as  well  as 
conventional  control  systems.  The  next  two,  collective  and  vector  command, 
are  strictly  fan  power  control  functions.  The  last,  horizontal  stabilizer 
incidence,  is  a  pure  aerodynamic  control  system.  The  following  discussion 
will  be  concerned  with  the  significant  forces  and  moments  that  are  affected 
by  these  control  motions.  The  sources  of  this  data  were  Figures  49  through 
73. 
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Figure  133  through  138  present  the  control  derivatives.  The  more 
important  conclusions  from  these  characteristics  are  as  follows: 

•  Figure  133  shows  that  at  high  speed  -  0.25)  and  vector 
angles,  the  derivatives  ot  drag  with  vector  command  approaches 
zero  which  indicates  no  additional  increase  in  horizontal 
thrust  or  speed  may  be  obtained  due  to  increased  vector.  The 
lift  reduction  with  increasing  vector  along  with  the  drag 
change  tends  to  indicate,  the  epproach  of  limit  flight  speed 

in  the  fan  mode  . 

•  Longitudinal,  lateral,  and  directional  control  sensitivities 
do  not  change  appreciably  throughout  the  fan  mode  of  flight. 

Each  tends  to  approach  the  conventional,  jet  mode,  control 
sensitivity  at  the  high  flight  speeds  where,  fan  control  com¬ 
ponents  are  rapidly  phased  out. 

A  favorable  roll  with  yaw  control  exists  throughout  the  com¬ 
plete  fan  flight  mode,  while  a  slightly  adverse  yaw  with  roll 
is  apparent . 

Collective  effectiveness  is  essentially  constant  until  phase¬ 
out  at  a  vector  command  angle  of  about  30  degrees  is  achieved. 

In  final  summary,  it  may  bf  concluded  from  these  results  presented 
in  form  of  derivatives,  that  control  sensitivity  should  remain  relatively 
constant  throughout  the  complete  transition  envelope  as  long  as  near  trimmed 
conditions  of  vector  command  and  pow^r  level  are  maintained. 

7.2.3  Trimmed  Transition  Envelope 

A  trimmed  transition  envelop?  in  this  case  is  defined  as  the  variation 
of  lift  versus  cross-flow  ratio  tor  th  special  case  of  all  forces  and  moments 
trimmed  to  zero  except  for  lift,  which  is  allowed  to  vary  as  required.  The 
angle  of  attack  and  sideslip  are  set  at  zero  degrees  As  a  result  of  trimming 
the  aircraft,  a  schedule  of  vector  command  and  longitudinal  stick  position 
versus  flight  speed  is  also  obtained. 


38 


Throughout  the  test  program,  numerous  test  points  were  obtained  at 
near  trimmed  conditions.  The  failure  to  provide  a  true  trimmed  condition  at 
each  test  point  was  due  to  the  slight  variations  of  test  conditions.  Taking 
this  data  and  correcting  to  trimmed  conditions,  using  the  derivatives  pre¬ 
viously  discussed,  the  curves  shown  in  Figures  139  and  140  were  obtained. 
Figure  139  is  for  the  fans  operating  at  hi  power  while  Figure  140  is  for  the 
lo  power  setting.  These  curves  are  presented  for  the  case  of  neutral  or 
50  percent  collective  setting.  Some  of  the  more  interesting  conclusions 
apparent  from  these  curves  are: 

•  Lift  approaches  a  minimum  at  the  intermediate  cross-flow 
ratio  of  about  0.15.  At  high  speed,  lift  continues  to 
decrease  rapidly  due  to  reduction  in  lift  with  Increased 
vector.  The  exact  cause  of  this  lift  reduction  at /H.  -  0.15 
is  not  fully  understood  but  is  partially  due  to  nose-down 
trim  required  in  conjunction  with  a  considerable  residual 
stagger  in  the  fan  louver  system  (see  Figure  11). 

Longitudinal  trim  reaches  a  maximum  of  5  degrees  nose  down 
(forward  stick)  at  a  cross-flow  ratio  of  about  0.12.  This 
represents  a  trimmed  flight  speed  of  about  45-50  knots.  At 
high  flight  speeds  an  increasing  amount  of  nose-up  trim  is 
required.  However,  this  may  be  trimmed  out  by  reduction  of 
the  tail  incidence  from  the  20  degree  value  used  in  these 
curves . 

•  Lift  coefficient  for  the  low  power  setting  is  considerably 
lower  than  for  the  high  power  setting.  This  is  because  the 
stagger  effectiveness,  spoiling  of  lift,  is  greater  at  the 
low  power  settings.  At  the  low  power  setting  the  louver 
loads  are  lower,  deflections  are  less  and  consequently  the 
spoiling  is  greater. 

The  louver  trim  schedules  for  both  the  high  and  low  power 
settings  are  nearly  identical. 

•  The  longitudinal  trim  schedules  for  both  power  settings 
are  also  almost  the  same. 

These  curves  will  provide  the  basis  of  most  performance  studies 
that  are  required  for  the  fan  flight  mode. 
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7.2.4  Composite  Transition  Characteristic 

Another  aet  of  transition  characteristics  that  is  interesting  to 
present,  but  not  vary  useful  in  performance  evaluation,  is  the  variation  of 
lift,  drag  and  pitching  moments  with  vector  command  angle  and  cross-flow 
ratio  for  all  controls  fixed  at  neutral.  This  type  of  characteristic  is 
shown  in  Figure  141.  The  data  points  shown  on  these  curves  were  obtained 
from  the  trimmed  transition  data,  vector  effectiveness  data,  and  control 
derivatives.  The  tail  and  longitudinal  stick  were  adjusted  to  neutral 
using  previously  presented  derivatives. 

Figure  141  provided  a  means  of  determining  the  speed-stability 
of  the  aircraft.  This  is  defined  as  the  changes  in  forces  and  moments  with 
respect  to  velocity  or  cross-flow  ratio.  Figure  142  shows  the  variation  of 
these  derivatives  with  respect  to  the  trimmed  vector  command  setting.  The” 
most  interesting  characteristic  shown  in  this  figure  is  the  change  of  pitching 
moment  coefficient  with  respect  to  speed  from  a  positive  value  at  low  speeds  to 
a  negative  value  at  high  speeds.  The  negative  value  indicates  a  speed  instability 
that  is  shown  by  the  continuing  aft  stick  required  as  fan  flight  speed  is  increased. 

7.3  FAN  POWERED  PERFORMANCE  -  PITCH  FAN  "OFF" 

The  data  obtained  during  the  pitch  fan  "off"  part  of  the  test  pro¬ 
gram  may  be  presented  in  a  form  similar  to  that  used  for  the  normal  configu¬ 
ration  data.  Figure  143  shows  the  composite  force  and  moment  variation  with 
speed  and  vector  command.  These  characteristics  are  similar  to  Figure  141  for 
the  case  with  the  pitch  fan  operating.  Figure  143  was  used  to  provide  the 
speed  derivatives  shown  in  Figure  144  as  a  function  of  vector  command  at  drag 
trimmed  to  zero. 

The  remaining  significant  derivatives  with  respect  to  aircraft 
attitude  and  control  inputs  are  shown  in  Figures  145  through  151.  The  source 
of  these  curves  was  the  control  effectiveness  shown  in  the  previous  data  for 
the  pitch  fan  "off". 

7.4  CONTROL  EFFECTIVENESS  BREAKDOWN 

As  has  been  pointed  out  in  the  previous  discussion,  the  total  con¬ 
trol  effectiveness  about  each  axis  is  composed  of  both  a  conventional  aero¬ 
dynamic  effect  as  well  as  a  fan  power  control  reaction.  The  following  dis¬ 
cussion  will  be  concerned  with  an  analysis  of  the  contributions  of  each  part 
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to  the  total  control,  and  comparison  of  the  results  with  maaaurad  control 
effectiveness.  To  do  this,  some  basic  eesunptlone  ere  required  concerning 
fen  performance  and  conventional  control  effectlvenass .  Listed  below  are 
these  assumptions: 

Fan  vector- stagger  effectiveness  for  lift  and  thrust  control 
are  as  shown  in  Figures  152  and  153.  These  curves  are  based 
on  measured  performance  during  acceptance  end  flight  worthi¬ 
ness  testing  prior  to  Installation  of  the  fans  In  the  air¬ 
craft.  Measured  louver  stagger-vector  rigging  of  the  actual 
aircraft  were  also  factored  Into  development  of  these  curves. 

*  Pitch  fan  thrust  modulator  effectiveness  Is  as  shown  in 
Figure  154.  This  again  Is  based  on  factory  test  results. 

*  Pitch  fan  to  wing  fan  speed  ratios  are  as  shown  in  Figure 
155. 

'  Effectiveness  of  the  conventional  aerodynamic  controls  re¬ 
main  the  same  In  the  fan  mode  of  flight  as  they  were  when 
measured  in  the  conventions  1  flight  mode. 

7.4.1  Longitudinal  Control 

The  build-up  of  longitudinal  control  using  the  individual  contri¬ 
butions  of  the  elevator  and  pitch  fan  modulating  doors  is  shown  in 
Figure  156.  The  lower  curve  shows  the  contributions  due  to  the  pitch  fan 
system  taking  into  consideration  the  gearing  ratios  of  the  doors  with  respect 
to  stick  angle  as  well  as  the  variation  of  gearing  with  respect  to  vector 
command  angle.  These  gearing  ratios  are  shown  in  Figure  13.  Also  shown  on 
this  curve  is  the  elevator  contribution  based  on  conventional  elevator 
effect  Lveness . 

The  upper  curve  presents  a  map  of  the  longitudinal  control  effec¬ 
tiveness  throughout  the  complete  flight  spectrum.  Trimmed  longitudinal  control 
effectiveness  was  obtained  using  this  data  and  the  vector  command  versus  cross- 
flow  ratio  schedule  shown  in  Figure  139.  Comparison  of  this  predicted  trim 
effectiveness  with  measured  data  shows  excellent  agreement;  the  major  dis¬ 
crepancies  being  attributed  to  lack  of  exact  trim  conditions  while  taking  the 
actual  test  data. 
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7.4.2  Lateral  Control 


Figure  157  shows  a  similar  breakdown  of  the  lateral  control  system. 
Figure  17  shows  the  fan  stagger  gearing  ratios  used  during  this  analysis. 

The  resulting  fan  roll  control  effectiveness  using  the  estimated  fan  static 
performance  Is  shown  in  the  lower  curve  for  a  range  of  vector  command  angles. 
Above  a  vector  command  angle  of  30  degrees,  the  fan  components  have  been 
phased  to  zero.  Also  shown  In  the  lower  curve  is  the  conventional  aileron 
effectiveness  for  flaps  at  45  degrees. 

The  total  lateral  control  capability  is  shown  in  the  upper  figure 
for  a  range  of  vector  commavid  angles  and  cross-flow  ratios.  The  measured 
data  when  compared  to  the  predicted  data  of  trim  indicates  a  higher  control 
effectiveness.  This  increased  level  of  control  may  be  attributed  to  effects 
of  induced  lift.  When  a  fan  system  is  unstaggered,  the  lift  increases  by 
virtue  of  a  reduction  in  fan  thrust  spoiling  and  the  flow  through  the  fan 
increases.  This  increased  flow  increases  the  induced  lift  for  the  wing  in 
question  since  it  is  a  well  known  fact  that  induced  lift  is  proportional 
to  fan  airflow  at  a  given  flight  speed.  This  therefore  produced  a  two-fold 
increase  in  lift  on  one  wing  while  a  similar  two-fold  decrease  in  lift  occurs 
in  the  opposite  wing  due  to  increased  stagger  on  that  side.  This  results 
in  a  larger  predicted  roll  control  effectiveness  in  cross-flow  than  can  be 
accounted  for  using  static  fan  performance. 

7.4.3  Collective  Control 

Collective  control  is  a  pure  fan  thrust  modulating  system.  A 
comparison  of  predicted  lift  control  based  on  fan  static  performance  and  rig¬ 
ging,  with  measured  collective  effectiveness  is  shown  in  Figure  158.  It 
should  be  noted  that  collective  stick  displacement  produces  both  louver 
stagger  changes  as  well  as  motions  of  the  pitch  fan  modulator  doors.  The 
lift  change  predicted  for  the  pitch  modulating  door  movements  is  shown  in 
the  lower  curve  of  Figure  158.  This  level  of  control  persists  throughout 
the  complete  louver  schedule  even  after  the  collective  authority  over  fan 
stagger  has  been  phased-out  completely. 
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The  agreement  of  predicted  and  meaaured  performance  la  very  good. 

The  measured  values  being  slightly  higher  than  predicted  may  be  attributed 
to  Induced  lift  In  a  manner  similar  to  that  previously  used  In  describing  In¬ 
duced  effects  on  lateral  control. 

7.4.4  Directional  Control 

Figure  159  presents  a  buildup  of  the  total  directional  control 
effectiveness  due  to  rudder  pedal  deflections.  The  lower  curves  show  the 
effectiveness  due  to  the  individual  fan  and  conventional  control  systems 
using  the  measured  gearing  ratios.  The  upper  curve  presents  the  combined 
control  effectiveness  with  a  trimmed  schedule  for  both  the  predicted  and 
measured  test  data.  The  agreement  of  the  predicted  and  measured  data  for 
this  case  Is  not  nearly  as  good  as  for  the  previously  discussed  control 
systems.  The  reasons  for  these  discrepancies  cannot  be  explained  fully  by 
any  of  the  known  possible  interaction  effects.  In  any  case,  the  measured 
performance  exceeds  the  predicted  results,  so  the  estimated  data  represents 
the  more  conservative  approach. 

7.4.5  Vector  Command 

The  vector  command  control  function  provides  a  means  of  rotating 
the  fan  thrust  vector  through  a  range  of  angles,  thereby  providing  a  means 
of  modulating  the  propulsive  thrust  components.  Figure  160  shows  a  compari¬ 
son  of  the  estimated  and  measured  lift  and  drag  derivatives  due  to  vector 
command.  Also  shown  is  the  approximate  vector  command  versus  cross-flow 
for  trim  where  these  derivatives  were  evaluated.  The  comparison  of  estimated 
and  test  results  shows  the  lift  derivative  to  be  lower  for  the  test  results. 
This  effect  is  characteristic  of  the  fan  system  in  cross-flow  which  shows  a 
lesser  reduction  in  lift  due  to  vector  command  than  experienced  at  static 
(speed-zero)  condition.  It  is  believed  that  the  exit  flow  from  the  fans  is 
skewed  aft  or  rearward  at  high  speeds  and  the  turning  requirements  of  the 
louvers  is  reduced  appreciably  at  high  cross-flow  ratios.  Consequently  the 
losses  are  reduced  and  the  lift  components  are  larger,  resulting  in  a  lower 
derivative  of  lift  than  predicted  using  static  test  data. 
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Comparison  of  estimated  and  measured  drag  variations  with  vector 
command  snow  the  estimate  to  be  lower  than  the  actual  test  data.  This  dis¬ 
crepancy  Is  believed  to  be  due  to  axial  thrust  components  from  the  pitch  fan 
being  a  function  of  pitch  modulator  door  position.  Since  the  pitch  modulating 
door  Is  programmed  with  respect  to  vector  command  (see  Figure  13),  these  thrust 
levels  appear  In  the  drag  derivatives  with  respect  to  vector  command.  The 
levels  of  these  thrust  changes  with  pitch  fan  door  have  not  been  measured 
during  static  tests  and  could  not  be  Included  in  the  estimated  data. 

7.5  LONGITUDINAL  TRIM  REQUIREMENTS 

One  of  the  most  potential  problem  areas  anticipated  during  design 
of  this  aircraft  was  the  lack  of  nose-down  trim  and  control  during  the  criti¬ 
cal  speed  range  of  from  30  to  70  knots.  However,  more  than  adequate  design 
margin  is  provided.  The  test  results  obtained  in  the  wind  tunr.el  verify 
that  adequate  longitudinal  trim  and  control  does  exist  in  this  system.  The 
following  analysis  will  summarize  some  of  the  trim  capabilities  for  the  two 
cases  tested,  that  is  pitch  fan  operating  as  well  as  shutoff. 

Figure  161  presents  the  trim  requirements  for  !>oth  pitch  fan  "on" 
and  "off".  The  lower  curve  in  the  figure  shows  the  lo-^itudinal  stick 
position  for  a  range  of  tail  settings  with  the  pitch  fan  operating.  At 
cross-flow  ratio  less  than  0.20  it  is  not  possible  to  trim  the  aircraft 
with  the  stabilizer  alone.  The  upper  curve  shows  a  comparison  of  tail 
incidence  for  trim  for  the  two  cases.  It  is  apparent  at  high  speeds  that 
the  pitch  fan  does  not  add  much  trim  or  control.  This  is  due  to  phase  out 
of  the  longitudinal  stick  authority  on  the  pitch  fan  doors  at  high  vector 
command  angles. 

Figure  162  presents  the  necessary  vector  command  trim  schedule  that 
accompanies  the  trim  data  in  Figure  161.  Also  shown  in  this  figure  is  the 
trimmed  lift  capability  at  an  angle  of  attack  of  zero  degrees  for  the  pitch 
fan  "on"  and  "off".  Here  it  is  apparent  that  the  lift  for  either  case  is 
still  a  minimum  at  a  cross-flow  ratio  near  0.15  to  0.20.  This  speed,  about 
60-70  knots  represents  the  case  of  minimum  lifting  capability  and  therefore 
may  be  the  most  critical  operating  speed  of  the  system.  However,  it  is  re¬ 
commended  that  an  optimization  analysis  showing  the  trade-offs  of  angle  of 
attack  and  vector  angle  be  performed  at  these  speeds  to  see  if  a  higher  lift 
can  be  obtained.  This  analysis  can  be  performed  easily  using  the  angle  of 
attack  and  vector  command  derivatives  previously  presented. 


8.0  APPLICATION  OF  DATA  TO  PERFORMANCE  ESTIMATES 


Since  all  of  Che  previous  data  have  been  presented  In  coefficient 
form,  it  seems  desirable  that  a  particular  section  of  the  report  be  devoted 
to  presenting  real  aircraft  performance.  Also  during  this  discussion,  a 
simple  method  of  working  with  the  coefficient  data  will  be  developed. 

The  first  step  in  the  process  is  accomplished  by  noting  the  relation* 
ship  between  indicated  airspeed  and  the  cross-flow  parameter.  It  can  be 
shown  that : 


VIC/42S 
7  N .Vtfg 


It  can  also  be  shown  that: 
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Similarly,  the  same  relationship  exists  for  drag  and  side  force. 

For  the  moment  coefficients,  an  appropriate  length  multiplier  must  be  used. 

The  above  relationships  were  used  to  convert  the  trimmed  transition 
characteristics  of  Figure  162  into  the  corrected  lift  term,  L  .  The  data 
are  shown  in  Figure  163  for  three  collective  settings,  full-up,  neutral, 
and  full-down.  The  trim  requirements  such  as  vector  command,  tail  incidence, 
and  longitudinal  stick  position  are  also  shown. 

The  significance  of  these  curves  is  that  they  present  lift  capability 
for  the  fans  operating  at  100  percent  physical  speed  at  sea  level  standard  day 
conditions.  It  is  a  known  fact  that  the  fans  cannot  always  be  operated  at  100 
percent  speed  with  the  gas  generator  horsepower  presently  installed  in  the 
aircraft.  The  maximum  speed  capability  of  the  fans,  using  the  data  in 
Figures  8  and  9,  was  obtained  and  is  shown  in  Figure  164.  This  figure  shows  the 
variation  of  corrected  speed  with  flight  speed  and  ambient  temperature.  The 
hashed  region  to  the  right  of  the  curve  represents  the  region  where  the  fans 
are  not  capable  of  absorbing  all  the  available  gas  generator  horsepower  and 
in  this  region  the  physical  speed  will  be  limited  to  100  percent. 

Using  curves  163  and  164,  the  trimmed  lift-flight  speed  envelope 
for  fan  powered  flight  may  be  developed  and  is  shown  in  Figure  165.  These 
characteristics  were  developed  for  two  atmospheric  conditions,  sea  level 


4 


standard  day  and  2500  feet,  hot  day.  Similar  techniques  may  be  used  to 
obtain  forcaa  and  moments  throughout  the  complete  transition  envelope. 

The  interesting  results  of  Figure  165  is  that  a  gradual  rise  In 
system  lifting  capability  exists  at  speeds  between  hover  and  80  knots. 

Above  80  knots  there  is  a  rapid  decrease  in  lifting  capability  as  maximum 
fan  mode  flight  speed  is  reached.  The  transition  region  around  45  to  60  knots 
is  where  the  height  control  of  the  aircraft  should  be  changed  from  the 
collective  to  the  engine  throttles.  At  these  speeds  the  collective  should 
be  moved  to  the  full-up  position  in  order  to  avoid  the  large  lift  degradation 
as  previously  discussed,  that  is  apparent  at  mid  and  full-down  collective. 
These  curves  tend  to  show  that  a  level  transition  may  be  accomplished  at 
constant  power  setting  by  using  collective  control  at  lew  speeds  and 
aircraft  angle  of  attack  at  high  speeds. 


! 
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9.0  CONCLUSIONS 


1.  Transition  from  hover  to  a  maximum  true  air  speed  of  approximately 
98  knots  can  be  accomplished  with  the  available  gas  generator  horse¬ 
power  and  within  the  fan  speed  limitation  of  100  percent  physical 
speed.  This  is  true  for  an  aircraft  weight  of  10,000  pounds  and  at 
a  density  of  greater  than  90  percent  of  standard  density. 

2.  A  level  transition  can  be  accomplished  at  essentially  constant  gas 
generator  power  settings  and  at  angles  of  attack  near  zero  degrees. 

3.  Throughout  a  near  trimmed  transition,  the  control  effectiveness  for 
each  axis  remains  almost  constant.  That  is,  the  control  forces  per 
unit  stick  throw  do  not  change  appreciably.  Vectoring  ahead  of  the 
trimmed  flight  speed  could  cause  large  deteriorations  of  control 
effectiveness . 

4.  Maximum  control  power  at  full  stick  throw  does  not  deteriorate  at  the 
worst  condition  by  more  than  30  percent  from  the  equivalent  hover 
power  levels. 

5.  The  aircraft  exhibits  static  longitudinal  and  lateral  -  directional 
stability  throughout  the  transitional  flight  speeds  from  30  to 

100  knots  for  small  pertubations  from  zero  angle  of  attack  and  side¬ 
slip.  For  larger  excursions  of  angle  of  attack,  approximately  4  - 
8  degrees,  stability  about  the  longitudinal  axis  becomes  unstable 
during  fan  mode  of  operation. 

6.  Conventional  aerodynamic  performance  was  very  close  to  predictions 
based  on  previous  scale  model  estimates.  The  largest  discrepancy 

was  in  flap  lift  effectiveness  which  substantially  exceeded  estimates. 
Maximum  lift  coefficient  for  the  flaps  at  45  degrees  was  1.6  (trimmed 
power-off) . 
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TABLE  1 

DATA  REDUCTION  PROGRAM 
SYMBOL  DEFINITION 


NO. 

DIG. 

POS. 

SYMBOL 

NOMENCLATURE 

UNITS 

1 

037 

TS-602 

R/H 

REAR  SPAR  LWR  CAP  BL26 

°P 

2 

038 

TS-604 

R/H 

REAR  SPAR  LWR  CAF  BL44 

°F 

3 

039 

TS-606 

R/H 

REAR  SPAR  LWR  CAP  EL61 

°F 

4 

040 

TS-608 

R/H 

REAR  SPAR  LWR  CAP  BL71 

°F 

5 

041 

TS-612 

R/h 

REAR  SPAR  UPR  CAP  EL25 

°F 

6 

042 

TS-610 

R/H 

REAR  SPAR  UPR  CAP  PL44 

°F 

7 

043 

1S-634 

R/H 

REAR  SPAR  -  A"  MOUNT 

°F 

8 

046 

TS-618 

R/K 

FRONT  SPAR  IWR  CAP  BL61 

v 

9 

051 

7S-620 

R/H 

PANEL,  UPR,  ?WD,  lNiiD-3 

fF 

10 

052 

TS-622 

R/H 

PANEL,  UPR,  AFT,  1NBD- 5 

c  « 

i 

11 

080 

TS-62; 

R/H 

PANEL,  LWF,  FEW,  INBD-7 

°F 

12 

073 

TS-62E 

R/H 

PANEL,  LWR,  AFT,  IN5D-9 

°F 

13 

031 

TS-603 

L/K 

REAR  SPAR  LWR  CAP  BL44 

°F 

14 

032 

TS-605 

L/H 

REAR  SPAR  LWR  CAP  BL61 

°P 

15 

033 

TS-607 

L/H 

REAR  SPAR  LWR  CAP  BL71 

°F 

16 

034 

TS-611 

L/r. 

REAR  SPAR  UPR  CAP  BL25 

°F 

17 

035 

TS-609 

L/- 

REAR  SPAR  UPR  LAP  B14-* 

°F 

18 

030 

TS-633 

4/  1 

REAR  SPAR  A"  MObV 

°F 

19 

036 

TS-613 

L/-. 

REAR  HO'.  6  7  SuPPOR‘T  SIRcT 

°F 

20 

044 

TS-615 

L/H 

FRONT  SPAR  lUR  LAP  o'- iO 

°F 

21 

045 

TS-617 

L/H 

FRONT  SPAR  LWR  CAP  Kt  1 

°F 

22 

047 

TS-619 

L/H 

PANEL,  UPR,  ?WD,  INHD-3 

°F 

23 

048 

TS-621 

L/H 

PANEL,  tPR,  AFT,  IN AD- 5 

°P 

24 

071 

TS-62.J 

L/H 

PANEL,  LWR,  FWD,  lt.SD-7 

°P 

25 

072 

TS-625 

l/.< 

PANEL,  LWR,  AIT,  1NPD-9 

°r 

26 

049 

TS-627 

L/H 

Wie*  rAIlIM.  IN*D  4125 

°f 

27 

050 

TS-629 

L/H 

WING  PA1PIWJ  1N«D  PL- 56 

°p 

28 

053 

TS-630 

L/H 

WI.NU  BRK  .  LWR  PL.'  (14JW025  -  47) 

°p 

29 

079 

TS-551 

L/H 

FLAP  FlT^lNc  INBOARD 

°T 

30 

054 

TS-6rl 

FLAP  SPAR  LWR  FLNC  (1-1W010  •  101) 

°r 

31 

02  J 

TS-  101 

PITCH  FAS  SIDE  HOIST  •  L/H 

°r 

32 

070 

TS- 305 

PITCH  PAN  BEAR  IN .’ 

°r 

33 

017 

TS-306 

PIH>  FAN  FPON"*  FRAME 

°F 

34 

024 

AF’ 

F  SE,  -WR  l/rt  LON  . 

°F 

35 

025 

IS- ,55 

ArT 

F  SE  ,  LWR  LONC  (>  COM  FRAME 

°F 

36 

05* 

^ 

aft 

E.SE  V£R ’  S ”A‘}  r  RON  ’  SPAR  1437005 

°F 

37 

026 

TS- 45b 

AK 

t"  SE  LAN1ERED  i>  ?  TS400 

°F 

38 

018 

\S-  *60 

D.  V. 

AC  .  *  L/  n 

°F 

39 

019 

TS-461 

D.  V. 

ACT.  -  R/  4 

°F 

40 

081 

?S-462 

L/H 

TlRB  CASE  (j-85  EN-  .) 

°F 

41 

082 

TS-463 

R/K 

"URB  CASE  (J-8 ;  EN  ..) 

°F 

42 

027 

TS-472 

AFT 

FUSE.  CANT.  »  Y  $  FS400  -  L/H 

°P 

43 

028 

TS-473 

AFT 

FUSE.  CANT.  iJLK  @  FS400  -  R/H 

°P 

44 

077 

TS- 502 

SPC 

FRK-4i  MBR  4  TO  20,  STA  251 

°P 

45 

029 

TS- 508 

CEVTER  FIS.  MLG  SILL  @  FLAP  SUPPORT, 

L/T 

°F 

REMARKS 


TABLE  I  (Cont'd) 


*  5 

D1C. 

POS. 

symbol 

NOMENCLATURE 

UNITS 

*♦6 

078 

TS-514 

SFC  FRM-46,  -48  &  18B  JCT 

°F 

012 

TS  *15 

L/H  FIRE  EXT.  BOTTLE 

op 

.ft 

057 

IS- lib 

KLG  L/H  "V"  BRACE  WL87 

°F 

’9 

058 

TS* 707 

MLG  MODE  CHANGE  CYL. 

°F 

>0 

020 

TS  721 

MLG  SHOCK  STRUT  (TOP  OF  OLEO) 

°F 

51 

021 

TS-725 

NOSE  GEAR  WELL 

°F 

u.2 

059 

1‘,  811 

MLG  WHEEL  WELL  STA  292 

°F 

‘'i 

060 

T'5-813 

MLG  WHEEL  WELL  STA  309 

°F 

-  , 

05$ 

T, >-709 

MLG  L/H  AXLE 

°F 

>  > 

083 

Tf--2 

L/H  EGT 

°F 

5*. 

084 

R/H  EGT 

°F 

5. 7 

008 

TT-4 

ELEC.  COMP.  INLET 

°F 

58 

061 

TC-5 

L/H  UPR  X-DUCT  COMPT  OUTBD 

°F 

!9 

062 

TO- 6 

R/H  UPR  X-DUCT  COMPT  OUTBD 

°F 

*•0 

063 

'  ">.7 

PITCH  FAN  COMPT  AIR  INLET 

°F 

61 

009 

TC-8 

COCKPIT 

°F 

6  2 

06  5 

TG-ll 

CROSS  DUCT  COMPT. 

°F 

a 

010 

TG-13 

COOLING  FAN  COMP.  INLET 

°F 

t y 

Oil 

C-15 

COOLING  FAN  INLET 

°F 

ft  : 

0f>4 

iC-16 

PITCH  FAN  EJECTOR  INLET 

°F 

66 

066 

1G-17 

L/H  FVD.  PAN  EXHAUST 

°F 

rt7 

X- 19 

L/H  APT.  FAN  EXHAUST 

°F 

68 

015 

TC-21 

COMP  SECTION  EXHAUST 

°F 

‘9 

C2  2 

TC-23 

ENG  TURB  SECT  AIR 

°F 

~0 

076 

TC-25 

L/H  TAILPIPE  EJECTOR 

°F 

/I 

948 

TG-27 

L/H  APT  EJECTOR 

°F 

jt.9 

TG-29 

L/H  FVD  EJECTOR 

°F 

005 

TG-32 

L/H  FAN  INLET  (4) 

°F 

- 

096 

TG-31 

R/H  FAN  INLET  (4) 

°F 

5 

003 

TG-35 

L/H  ENGINE  INLET  (3) 

°F 

76 

004 

TT.-36 

R/H  ENGINE  INLET  (3) 

°F 

r 

007 

TG-39 

PITCH  FAN  INLET  (2) 

°F 

78 

016 

TG-812 

MLG  WEIL 

°F 

79 

074 

TL-1 

L/H  ENGINE  OIL 

°F 

ftO 

075 

TL-2 

R/H  ENGINE  OIL 

°F 

81 

013 

TL-3 

L/H  HYDRAULIC  RES. 

°F 

82 

014 

TL-4 

R/H  HYDRAULIC  RES. 

4 

8  j 

097 

F-l 

LATERAL  STICK 

LBS. 

ft  4 

098 

F-2 

LONGITUDINAL  STICK 

LBS. 

ft6 

099 

F-3 

RUDDER  PEDAL 

LBS. 

hi 

093 

F-ll 

DOOR  OUTRIGGER 

LBS. 

ft/ 

094 

F- 12 

DOOR  OUTRIGGER 

LBS. 

095 

F-  13 

DOOR  OUTRIGGER 

LBS. 

89 

096 

F- 14 

DOOR  OUTRIGGER 

LBS. 

90 

Obb 

F-21 

DOOR  ACTUATOR  SUPP. 

LBS. 

91 

086 

F-22 

DOOR  ACTUATOR  SUPP. 

LBS. 

92 

087 

F-23 

DOOR  ACTUATOR  SUPP. 

LBS. 

9  > 

088 

F-24 

DOOR  ACTUATOR  SUPP. 

LBS. 

9  . 

089 

F-25 

DOOR  ACTUATOR  SUPP. 

LBS. 

9  » 

090 

F-  26 

DOOR  ACTUATOR  SUPP. 

IBS. 

9* 

091 

p-27 

DOOR  ACTUATOR  SUPP. 

LBS. 

9  • 

092 

F-  28 

DOOR  ACTUATOR  SUPP. 

LBS. 

REMARKS 


EFF  RUNS  1  -  2b 
FOR  WNDTNL  RUNS  1-1 


FOR  WNDTNL  RUNS  1- l 
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TABLE  I  (Contd) 


DIG. 


NO. 

res. 

SYMBOL 

NOMENCLATURE 

UNITS 

REMARKS 

98 

101 

PO-3 

ELEVATOR 

DEG 

+  TE  DN,  -  TE  UP 

99 

102 

PO-4 

RUDDER 

DEG 

EFF  RUNS  1-25 
+  TE  LT,  :  TE  RT 

100 

103 

PO-6 

L/H  AILERON 

DEG 

+  TE  DN,  -  TE  UP 

101 

112 

re- 7 

R/H  AILERON 

DEG 

+  TE  DN,  -  TE  UP 

102 

172 

ro-9 

HORIZONTAL  STABILIZER 

DEG 

+  TE  ON,  -  TE  UP 

103 

105 

re- 13 

L/H  LOUVER  -  ODD 

DEG 

104 

106 

re- 14 

L/H  LOUVER  -  EVEN 

DEG 

105 

107 

re- 15 

R/H  LOUVER  -  ODD 

DEG 

106 

108 

re- 16 

R/H  LOUVER  -  EVEN 

DEG 

107 

173 

re- 17 

VECTOR 

DEG 

108 

110 

PO-22 

PITCH  FAN  DOORS 

DEG 

MEAS.  FROM  FULL  CLSD. 

109 

113 

PO-32 

LATERAL  STICK 

DEG 

-RW  DN,  +LW  DN. 

110 

114 

PO-33 

LONGITUDINAL  STICK 

DEG 

+  STK  FWD,  -  STK  AFT 

ill 

115 

PO-34 

RUDDER  PEDALS 

X 

-  LT  YAW,  +  RT  YAW 

112 

116 

PO-3  5 

COLLECTIVE  STICK 

X 

EFF  RUNS  1-25 

MEAS.  FROM  FULL  DN 

113 

117 

RFM-1 

L/H  ENGINE 

%RFM 

114 

118 

RPM-? 

R/H  ENGINE 

%RIM 

115 

119 

RPM-3 

L/H  FAN 

LRPM 

116 

120 

RB4-4 

R/H  FAN 

ZRM 

117 

121 

RFM-5 

PITCH  FAN 

%RFM 

118 

125 

PG-8 

COCKPIT  REAR  CANOPY  INLET 

IN.H20 

119 

129 

PG-20 

L/H  ENG  TAILPIPE  EJEC. 

IN.H20 

120 

133 

PG-25 

CROSS  DUCT  COMPT. 

1N.H20 

121 

137 

PG-26 

COOLING  FAN  COMPT  INLET 

IN.H20 

122 

141 

PG-27 

COOLING  FAN  INLET,  L/H 

IN.H20 

i23 

145 

PC- 28 

ELECTRONICS  COMPT  INLET 

1N.H20 

124 

149 

PG-29 

L/H  FWD  COOLING  FAN  EXHAUST 

IN.H2O 

125 

153 

PC- 30 

PITCH  FAN  EJECTOR,  R/H 

IN.H20 

126 

157 

PG-31 

L/H  AFT  COOLING  FAN  EXHAUST 

IN.H20 

127 

161 

PG-35 

L/H  AFT  FAN  EJECTOR 

IN.H20 

128 

165 

PG-37 

L/H  FWD  FAN  EJECTOR 

IN.H20 

129 

169 

PG-38 

R/H  BLOWER 

IN.H20 

130 

PG-33 

L/H  P.  FAN  COMPT  COOL.  FAN  INLET 

IN.H20 

EFF  RUN  26-33 

131 

PG-39 

L/H  ACCESSORY  COMPARTMENT 

IN.H20 

EFF  RUN  26-33 

132 

PG-40 

L/H  ENGINE  COMPARTMENT 

IN.H20 

EFF  RUN  26-33 

133 

1 34 

PG-24 

PO-17 

BOUNDARY  LAYER  BLEED  DUCT 

VECTOR  ANGLE  COMfAND 

IN.H20 

DEG 

EFF  RUN  26-33 

49 

058 

TS-.16 

R/H  FIRE  BOTTLE 

°F 

EFF  RUN  29-33 

50 

020 

TS-903 

L/H  ENG  GEAR  BOX 

°F 

EFF  WNDTNL  RUNS  14-33 

54 

055 

TS-904 

R/H  ENG  GEAR  BOX 

op 

EFF  WNDTNL  RUNS  14-33 

54 

055 

TS-901 

AFT  LOAD  CELL 

Of 

FOR  GRD  RUNS  ONLY 

99 

102 

YAW 

ANGLE  OF  YAW  (PO-2) 

DEG 

♦N.  R.  -  N.L. 

EFF  RUNS  26-33 

1 12 

116 

PITCH 

ANGLE  OF  ATTACK  (PO-1) 

DEC 

+N.U.  -N.D. 

EFF  RUNS  26-33 

3 1 
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TABLE  II  (CONTD 


y  o 

co  * 


^  in 

uo  *  •»  * 


©I  Ol  ^  in|»r> 

he  «  «  «  xi  Ko 


■ 


COS0000 
aolao  -t  Ut 
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TABLE  II  (CONTD 


J  ooooooooooo  ©jo  oooooooooooooooooooo 


U)  ?  ?  ? 


u5M? 


CD  S 


Jr  Itn  »n  ia  in  Kn  hn  «a  hr 

k  <*  <*kkkkki* 


TABLE  III  -  SUMMARY  OF  STATIC 
THRUST  STAND  RUNS  -  PHASE  I 


\ 


(Nominal  Control  Settings  Shown) 


RUN 

RDG 

H 

‘Ssa 

list 

X  Sir 

B 

V 

REMARKS 

1 

l 

0 

0 

50 

0 

45 

Engine  checkout  Run 

2 

1 

mm 

0 

50 

0 

mm 

CTOL 

2-3 

Itfl 

0 

50 

0 

m 

Lost  Instrumentation 

3 

70 

0 

0 

50 

0 

45 

CTOL 

85 

0 

0 

0 

0 

0 

85 

0 

0 

50 

0 

0 

-4  -6 

85 

★ 

0 

50 

0 

0 

7  -10 

85 

0 

0 

50 

0 

★ 

11 

85 

0 

0 

0 

0 

0 

12-15 

85 

0 

★ 

0 

0 

0 

4. 

1 

70 

0 

0 

50 

0 

45 

CTOL 

2  *4 

95 

0 

0 

■* 

0 

0 

5  -7 

95 

* 

0 

0 

0 

0 

8-10 

95 

* 

0 

50 

0 

0 

11 

95 

0 

0 

50 

-100 

0 

12 

95 

0 

0 

50 

0 

0 

13-15 

95 

0 

0 

50 

0 

+ 

16-18 

95 

0 

★ 

50 

0 

0 

19 

95 

0 

0 

* 

0 

25 

5 

1 

70 

0 

0 

50 

0 

0 

CTOL 

2 

95 

0 

0 

50 

0 

0 

i  -4 

95 

* 

0 

50 

0 

0 

5 

95 

0 

0 

★ 

0 

0 

6-7 

95 

* 

0 

100 

0 

0 

8  -9 

90 

k 

0 

50 

0 

0 

10-11 

90 

0 

0 

* 

0 

0 

12 

90 

0 

* 

100 

0 

0 

11-15 

95 

A 

0 

50 

0 

0 

16-18 

90 

★ 

0 

50 

0 

0 

1 

* 

- 

- 

- 

- 

- 

BVL--2.5,  Bsl-0 

bvr"'2-5*  »sr-o 

7^X 

- 

* 

- 

- 

- 

- 

»VL-*2 .5.  BsL-29 

bVR"  *2*5,  Bsn«> 

8^1 

. 

A 

- 

- 

- 

- 

- 

®VL “ -2 . 5  ,  BsLa)8 

Byg- -2 . 5  ,  Bs*"l2 

9^L 

. 

* 

- 

- 

- 

- 

- 

BVL--2.3.  Bsl-11 

bvr--2^.  ®sr13 

io<E 

- 

- 

- 

’ 

- 

By!  * -2. 5  ,  B$l  “1  3 

L 

Byg  -2.5,  8*511*18 

u(5 

- 

* 

1 

- 

ByL--2.5,  f*SL*2  7 

_ 

ByR  *-2.5,  BsR  ‘2  7 

* 

‘ 

- 

By!  *-2.5,  »si<0 

_ 

_ 

HVR«  -2  .  5  .  BbR-40 

7 

I 
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>se  7. 


'til 


REMARKS 


■-5.5,  B§l“6.0 

’-5.5,  Bsr-6.0 


-11.2,  Bsl-37.5 

-12.5,  Bsr^) 


-17.5 

17.5, 


7*  .  * 

vL 

18, 

,2. 

bsl”36-  5 

BVr- 

18, 

.5, 

Bsr-0 

bvl* 

12. 

.5, 

bSL-27 

bVR“ 

12, 

5, 

BSr-27 

bvl* 

27, 

5, 

Bsl-20 

BVr- 

27, 

■  5, 

BSR-0 

*vl“  45  • 

^L”0 

BSRK) 

bVL  =  *2-5, 
BVr*-2.5, 


bVL“*2, 5* 
bVR**2-3, 


Pilot  Operated  Controls 


25 

1  -2 
) 

4 

26 

l 

© 

rt-pl  a*.  1  ng  louve r 
a  r  or  1  >a  Js . 


■Ti. 


E 


S 


TABLE  IV  -  SUMMARY  OF  STATIC 
THRUST  STAND  RUNS  -  PHASE  II 


(Nominal  Control  Settings  Shown) 


-85 

7.  S«a 

7.&6C 

sc 

7.&s  r 

REMARKS 

4 


,  C 

sc  4  osr  REMARKS 


0  h/D  *  2.0,  Bv  -  0°,  Sf  =  45c 


Landing  Gear  Translated  VTOL  to 
CTOL  for  two  cycles. 
h/D  =  2.0,  Bv  -  -4,  Sf=45°,o<  =-4 
Bv  =  0° ,  «  =  -4° 

Bv  =  0° ,  CA  =0° 

By  =  0°,crf  *  0° 


replaced  wilh  fixed  links  and  louver 
100%  LWD  at.  mid  collective  and  neutral 


TABLE  V  -  SUMMARY  OF  OPERATING  TIMES 


t*!LE  xi..s..nnm^M9Xu^..mk.umm. . 


IV- 54  WIN07UNNIL  DATA 


RUN  10. 

40  90.12IH0AI  90  40. KNOTS  VICTOR 

17. 

25. 

R06  9.0* 

TO  00. 

<0C6.9t 

INOlNfCRINO  UNITS 

| 

TS-402 

101.40 

91  75-729 

143.10 

101  20-7 

_ 14&M 

1 

TS-A04 

140.90 

92  TS-011 

141.00 

102  20-9 

17*95 

9 

75-40* 

172.40 

99  T5-419 

(20.40 

46.9..20-I1 

24.94 

4 

TS-A04 

120.70 

94  75-709 

49.00 

104  20-14 

-1.71 

9 

TS-412 

107.00 

99  70-2 

1074.00 

109  20-19 

27.97 

*  ' 

75-410 

lli.fO 

- 

~T64lf:'26 

104  20-14 

o.ii 

? 

75-414 

102.40 

97  70-4 

129.10 

107  20-17 

0. 

• 

YS-415 

194.06 

- u  n-i 

lli.40 

fcOO  20-22 

40  .T« 

9 

TS-A20 

121.40 

99  70-4 

.... 241.90 

|00  20-12 

-0.44 

10 

75-422 

149.90 

40  '70-7 

142.10 

110  20-11 

7.14 

11 

TS-424 

150.90 

41  70-0 

04,20 

0 1  20-94 

-0.95 

12 

YS-*2* 

iVf'M 

. 42  76-11 

m.M 

142  20-19 

90.19 

19 

75-403 

129.40 

49  70-19 

95.00 

411  42N-1 

?9.4 1 

1* 

ti-4or 

199.40 

44  TO-19 

102.16 

tun  i=r 

M.ii 

19 

TS-407 

100.40 

. .45  . T6-14. 

....472*46.. . 

419.92N-1 

04,14 

1* 

75-411 

102.00 

44  70-17 

121.40 

114  42N-4 

09.57 

17 

TS-409 

110.90 

47  70-19 

...Af9sAf. . 

UTMN-f 

04.14 

It 

TS-499 

140.06 

44  Y6-21 

ill. 46 

lit  H-l 

-9.44 

19 

TS-419 

202.10 

49  T0-2J 

151.40 

119  20-20 

-1.24 

20 

TS-419 

112.00 

iO  tO-29 

295.66 

[26  26-29 

-l.fO 

21 

75-417 

242,70... 

. .71... 76-2-7... 

...191*99. . 

411  29-20 

-2*05 

22 

TS-419 

129.90 

72  TO-29 

109.40 

129  20-90 

•9.52 

*9 

75-421 

144,»0_- 

. .7I....T6r.Sl.. 

. 04*96. . 

122  76-27 

.  -9.11 

2* 

75-429 

in.m 

74  70-91 

00.90 

121  20-29 

-1.11 

u_ 

75-429 

172.40 

79  70-99 

09.00 

124  20-29 

1.70 

2* 

75-427 

114.90 

74  70-94 

01.40 

124  20-91 

1.95 

2? 

75-4*9 

11.7*00... 

. .77.T6r.J9.. 

. 11*90 

117  26r)9 

-29*94 

20 

75-490 

141.20 

74  f  0-012 

110.40 

124  20-97 

0. 

29 

75-451 

122*1 

. .79  ...tl-1 .... 

-..119*90. . J 

429  20-19 

-9.21 

90 

T5-441 

114.40 

00  Tt-2 

110.00 

0. 

U_ 

T5-901 

190.40 

01  7L-9 

121.10 

0. 

92 

75-905 

190.40 

02  a-4 

124.90 

0. 

99 

75-904 

149*40 

. .09  ..P-1 

.40*90 

0. 

9* 

75-492 

190.40 

04  9-2 

10.41 

0. 

99 

75-495 

111*40. 

. 09  7-9 

1.4*91 

0. 

9* 

75-497 

201.10 

04  9-11 

41.42 

0. 

97 

75-491 

199.40 

•7  7-12 

149.07 

0. 

90 

75-440 

177.40 

00  7-11 

200.44 

0. 

99 

75-441 

100*40... 

. .Of  .7-14 

-112*47  . 

0. 

*0 

75-4*2 

1047.20 

90  7-21 

0. 

0. 

*1 

75-441 

1114*00 

. fl.  .7.-22 

Q* 

0. 

*2 

75-472 

102.00 

92  7-21 

141.07 

0. 

19 

75-479 

109.20 

99  7-24 

•4.90 

9»  . 

44 

75-502 

211.90 

94  7-25 

44.71 

0. 

99 

75-900 

90*20 

.95  7-14 

91*49 

0. 

4* 

75-514 

291.40 

9*  7-2? 

42.21 

0. 

*7 

75-919 

04*20 

97  7-20 

422*09 

0. 

40 

75-705 

•9.10 

90  70-9 

0.01 

0. 

49  75-70? 

71.10 

99  70-4 

-0.91 

0. 

90 

75-721 

49.40 

100  70-4 

15.97 

0. 
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TABLE  VII  -  TYPICAL  PERFORMANCE  COMPUTATION  LISTING 

NV-5A  HI  NO  TUNNEL  AERODYNAMIC  PERFORMANCE 


RUN  INI  10 


KOfi. 

1 

2 

3 

% 

5 

6 . 

ALPHA 

0. 

0, 

-%.Q 

-2.0 

0. 

2.0 

•ETA 

-6. 

-0. 

-0. 

-0. 

-0. 

-0. 

90 

5.900 

S.%%0 

5.920 

5.780 

5,730 

5.580 

m 

0.1107 

0.1106 

0.1163 

0.1157 

0.1155 

0.1151 

ICS 

0.970% 

0.970% 

0.9761 

0.9763 

0.9766 

0.9766 

CL 

7.0516 

7.0781 

6.  1  7%S 

6. %50% 

6.5266 

6.7625 

TO 

0.0221 

0.0176 

-0.2179 

-0.1537 

0. 1 S 12 

0.2t92 

CN 

-0.1805 

-0.2205 

-0.170% 

-0.2209 

-0,2606 

-0,2589 

CV 

0.0U5 

0.0080 

-0.0226 

0.0005 

-0.0301 

0.0107 

CN 

0.0073 

-0.0016 

-0.0005 

0.001% 

0.0132 

0,0061 

CROLL 

-0.0310 

-0.02BB 

-0.0239 

-0.0276 

-0,0612 

-0,0251 

ML 

0.3157 

0.3166 

0.305% 

0.3159 

0.3103 

0.326F 

NO 

0.0010 

0.0008 

-0.0108 

-0.0075 

0.0056 

0,0133 

MN 

-0.01%6 

-0.0170 

-0.0153 

-0.0196 

-0.0212 

-0,0228 

MY 

0.C006 

0.000% 

-0.CO11 

0.0000 

-0,0015 

0,0909. 

MM 

0.0010 

-0.0002 

-0.0001 

0.0002 

0,0019 

0,0006 

MROLL 

-3.0062 

-0.0038 

-0.0035 

-0.0060 

-0.0059 

-0.0036 

CLS 

0.9350 

0.9385 

0.9036 

0.9359 

0,9929 

0,.9612L. 

COS 

0.0029 

0.0023 

-0.C319 

-0.0223 

0,0161 

0.0396 

CMS 

-0.0%33 

-0.0529 

-0.0%51 

-0,0580 

-0,0629 

-0,06.75 

CVS 

0.0019 

0.0011 

-0.0033 

0.0001 

-0,0063 

0,0027 

CMS 

0.0056 

-0,0012 

-0,000*1 

0.0012 

0.0109 

0.0036 

CROLLS 

-0.02%2 

-0.0219 

-0.0201 

-0.0230 

-0,0361 

-0,0207 

CLS-S 

0.9350 

0.9385 

0.9036 

0.9353 

0.9626 

0,9682 

cos-s 

0.0029 

0.0023 

-0.0319 

-0.0223 

0,0161 

0,0399 

CNS-S 

-0.0%33 

-0.0529 

-0 .0%5 1 

-0.0580 

-0,0629 

-0,0675 

cvs-s 

0.0019 

0.0011 

-0.0033 

0,0001 

-0.0093 

0.0027 

CNS-S 

0.0056 

-0.0012 

-0.000% 

0.0012 

0.0109 

0.0036 

CROLLS-S 

-0.02%2 

-0.0219 

-0.0201 

-0.0230 

-0.0391 

-0,0207 

TAIL!  VII  *  TYPICAL  PERPOCKANCE  COMPUTATION  LISTINC  -  CONTINUED 

1V-5A  MNOTUNNEl  AERODYNAMIC  PERFORMANCE 


ROM  M  10 

ROC. 

1 

2 

9 

4 

5 

4 

(UT/lfTOtl 

1.0214 

1.0253 

1.0178 

1.0289 

1.0249 

1.0223 

TOt/UTOU 

1.0110 

1.0145 

1.0090 

1.0145 

1.0146 

1.0146 

1UT/UT0IR 

0.0092 

1.0011 

0.0000 

1.0040 

0.9989 

0.9996 

IUP/OTI 

0.90S0 

0.0054 

0.0695 

0.9047 

0.9644 

0.9672 

T2/T0 

1.0004 

1.004S 

1.0045 

0.9965 

1.0059 

1.0007 

TIOi/TO 

1.0174 

1.0122 

1.0107 

1.0070 

1.0124 

1.0103 

TIC  /TO 

1.0100 

1.0144 

1.0144 

~ T.0109 

~!.01M 

“TTOTOB 

T20/T0 

1.0055 

1.0010 

1.0041 

0.9965 

1.0019 

1.0011 

MU-IO 

0.1117 

0.1119 

0.1171 

0.1143 

0.1163 

0.1157 

TCS-10 

0.0700 

0.0701 

0.9756 

0.9741 

0.9741 

0.9763 

Mi-IO 

0.S214 

0.9200 

0.9095 

0.3168 

0.3224 

0.3301 

mo-i«" 

0.0010 

0.0000 

-0.0109 

-0.0074 

0.0055 

0.0134 

MR- 10 

-0.0140 

-0.0101 

-0.0155 

-0.0198 

-0.0215 

-0.0230 

CIS- 10 

0.0521 

0.0507 

0.9154 

0.9435 

0.9550 

0.9779 

COS- 10 

0.0090 

0.0024 

-0.0929 

-0.0225 

0.0143 

0.0396 

CMS- 10 

-0.0441 

-0.0594 

-0.0457 

-0.0565 

-0.0437 

-0.0662 

IUT/UT0IL2 

1.0247 

1.0246 

1.0197 

1.0244 

1.0290 

1.0200 

IUT/UT0IR2 

1.0192 

1.0151 

1.0099 

1.0109 

1.0178 

1.0121 

IUT/UT0IP2 

1.0044 

1.0054 

1.0022 

1.0030 

1.0052 

0.9999 
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TAHl.E  VIII  -  Sl'KmRl  OF  STA&fUTY  AND  CONTROL 
DATA  -  CONVENTIONAL  F!  IGHT  CONFIGURATIONS  - 
LOU  SPEFD 


1  .  Corn 
a  J 


( Ce  n l e i  o  !  .  r  a  i :  at  FS  - .  . 0 ,  WL  - 1  I  f  ) 


•ntional  iltr.n  t  rati  -  Flaps  5  J° . 

L  'a»;  1 1  .'J  l  r  1 1 


3  ‘A, 

f 

out  fixed) 

t.  *  _ 

stilt  f  1st- J) 

1  ,  hi 

(  t  r  1  mrse  d  ) 

atvd«  - 

)t» . 

t  powi  t  -i-n.  t  r 

d  -rr\/  r 

/  <Ac  ie 

-i  t ' ; 

iC"/ale  • 

-<  i .  o  i  i 

1 

3C7'^:t  • 

-  u: 

o<o 

_  i 

iitn- !  i  t  r  /c*i 

Coo 

(  .  u  - 

I)  l  :  i  t  1  'a 

1  1  h 

♦  ) 

,K  V.Xi 

«  I 

9C"/ae 

♦*  .  1  . 

£K  *  nc  j 

S%6 

«  .  JO  1 

erf  *  0l  ) 

aC"/ati 

CA 

dU/a& 

•  3A  -**'  ) 

scy^gi 

• 

iert  O'  ) 

*Va^ 

• 

- 

0*1 


2.  Conventional  clean  configuration  -  Flaps  0  30°. 
a)  Longitudinal 

-  0.072  (stick  fixed) 
^/iCc  *  -0.135(o<  -  0°) 
d('m/dCl'  •  -0.088(«(  -4*°) 

■  0.070  (trlnned) 

•  0.072  (power -on,  tr leased) 
Coo  •  0.075 


3. 


b)  Lateral  -  Directional 

-0.0044 

Conventional  clean  configuration  -  Flaps  9  45°. 
a)  Longitudinal 


■ 

0.069 

(stick  fixed) 

iCmAu  ■ 

-0.147 

(«  -  0°) 

dCmAc.  ■ 

-0.079 

(«  •*%°) 

d<Vdo<  - 

0.068 

(trlnned) 

♦Va*  - 

0.071 

(power  -on ,  tr : 

dCm/d6« 

-0.016 

iCmAu  • 

-0.0125 

Co< 


0.100 


b)  Lateral  -  Directional 

•  -0.0123 

•♦0.00  31  (  «  -  0°) 

■  -0.0015  (  o<  -  0°) 

“  ♦O-0015  <  *  *^°> 
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)  •  Dinsiil  a  i  ( 


ofyob  ■ 

-u 

uu: ) 

/dVj  3 

-o 

.  or>  s 

°"v4s„.- 

-0 

.  0u-.li 

4C/aw 

-0, 

.000b 

4c"/akr- 

*U . 

.  uOQ  1 t> 

aCl/aSv- 

-0 

00013 

iC/afer- 

-u. 

0022 

^C,/a£r- 

♦O  . 

Uu  i  1 1 

oCt/dSr • 

-u . 

OOU-.- 

X’ oi  vt-r  » Ion  i  onf 

ora 

t  Ion. 

i v  no l tod  t  ra 1 

hCV**  ■ 

0.0 

'h  ( 

^Tk.  - 

u  i  - 

b  A 

ac%cL  - 

i  >. 

i  r«  ( 

Coo  t,n 

*•  ■  <  >  i  *  l>i  i .  .  i  i  i  ,i  i 

4  6  **  ■  •  - 
11  "/a  6 
•'u/.»6 
^7,H6|  - 


*  l  I  i 

K  7a* 

'""A:.- 


>.  Oil  l  f  nued) 

(  tX  *+#> 


t  U  k  f ixed) 

r  0l  ) 

(  in0) 
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a)  Longitudinal  (continued) 


dCm/^cL-0  204 

(o<  -*6°) 

•  0.054 

(trloaed) 

Coo  -0.130 

b) 

Lateral  -  Directional 

(B  •  ♦  5°) 

dCV»6  -  -0.016 

dCVd6  •  0.0023 
•  -0.0026 

do/al6l  •  -0.004 

6.  Conventional  configuration  -  gear  down  *  Flaps  30°. 

a)  Longitudinal 

■  0.064  (stick  fixed) 

"0.135  (0<  -  0°)r 

COO  *0.132 

b)  Lateral  -  Directional 

iCr/d6  •  -0.014 

-  40.0026 

-  -0  0029 
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APPENDIX  A 

LOUVER  LINK  LOAD  TESTS  -  PHASE  I  STATIC  TEST 


As  part  of  the  Phase  I  Static  Thrust  Stand  Tests,  louver  loads,  that 
must  be  restrained  by  the  louver  hydraulic  actuator  system,  were  measured. 
These  measurements  were  taken  using  instrumented  load  links  in  place  of 
the  normal  hydraulic  actuators.  The  length  of  each  load  link  was  adjust¬ 
able,  thereby  permitting  each  fan  louver  gang  to  be  set  to  a  predetermined 
value.  The  following  discussion  summarizes  the  test  results  obtained 
during  Runs  6  through  22  of  the  static  tests. 

For  each  setting  of  the  louver  system,  the  output  of  the  load  lihks 
were  recorded  coincident  with  fan  rotational  speed.  As  the  fans  were  rapidly 
decelerated,  readings  of  force  and  speeds  were  taken.  Use  of  this  test 
procedure  minimized  the  effects  of  load  link  drifting  due  to  heating  by 
the  fan  exhaust  flow.  Preliminary  tests  had  shown  that  load  link  drift 
with  temperature  change  could  be  a  problem.  Figure  A-l  shows  a  typical 
set  of  measured  louver  link  loads  obtained  during  a  fan  deceleration. 

This  figure  shows  fairly  conclusively  that  the  actuator  loads  are  propor¬ 
tional  to  fan  speed  squared.  The  data  are  faired  to  go  through  zero  load 
at  zero  fan  speed  by  correcting  for  load  link  drift. 

Since  it  has  been  shown  that  louver  loads  are  proportional  to  fan 
speed  squared,  it  is  now  possible  to  sunmarize  all  data  using  a  non-dimen¬ 
sional  coefficient  such  as: 


H 


LF 


_ FORCE 

W  \ 


For  100  percent  fan  speed,  standard  day,^U^“  A ^  is  equal  to 
2 1 , 950  pounds . 

Figures  A- 2  through  A-4  present  a  summary  of  the  measured  load  data 
for  a  range  of  vector  and  stagger  angles.  Figure  A-2  shows  the  effects  of 
stagger  at  zero  vector  command  angle  (louver  vector  angle  =  -2.5°).  This 
condition  was  felt  to  be  the  critical  load  conditions  and  the  data  shows 
rhe  max  Ira  van  load  factor  to  be  0.20. 
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Figures  A- 3  and  A-4  show  the  effects  of  combined  vector  snd  stagger 
In  the  louver  system.  Converting  the  coefficient  to  a  sea  level  standard 
day  end  96  percent  fan  speed,  the  absolute  louver  force  is  4040  pounds. 

The  96  percent  fan  speed  is  the  maximum  attainable  speed  at  full  gas  genera¬ 
tor  power. 
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K  IS  OOMfttSSICH) 


FIGURE  A-  1 

TYPICAL  LOUVER  LOADS 
VERSUS  FAN  SPEED 
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ACTUATOR  FORCE 
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O  LH  WING  FAN 
□  RH  WING  FAN 


FIGURE  A- 2 

I 

EFFECTS  OF  LOUVER  STAGGER  ANGLE 
ON  LOUVER  LOADS  AT  VECTOR  ANGLE  OF  -2.5° 
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APPENDIX  B 


COMPARISON  OF  NON -DIMENSIONAL  COEFFICIENTS 
USED  FOR  PRESENTING  FAN- IN-WING  PERFORMANCE 


In  presenting  performance  of  fan- in-wing  aircraft  system,  three 
types  of  coefficients  have  beer,  commonly  used.  The  following  discussions 
will  present  each  system  and  provide  curves  and/or  charts  for  converting 
data  between  the  two  systems.  These  charts  and  curves  will  apply  only  to 
the  XV-5A  aircraft  and  in  particular,  the  configuration  run  in  the  NASA- 
Ames  wind  tunnel. 


The  three  coefficient  systems  are  identified  as  follows: 
Conventional  aircraft  system 
Modified  slipstream  method 
Fan  law  notation 


The  definitions  used  for  presenting  forces  and  moments  in  coefficient 
form  are  defined  below.  See  list  of  Svmbols  for  definition  and  units  for 
each  symbol. 


Conventional  Aircraft  System 
Lift . 

Drag . 

Pitch  Moment  -  -  -  -  - 
Roll  Moment  -  -  -  -  - 

Yaw  Moment  ------ 

Side  Force  ------ 

Flight  Speed  . 

Fan  Powei  ------ 
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Lift . 

Drag  ------ 

Pitch  Moaent  ...... 

Roll  Moaent  ...... 

Yaw  Moaent  ------ 

Side  Force  ...... 

Flight  Speed  ------ 

Where: 

Fan  Power  ------ 

Fan  Law  Notation 
Lift . 

Drag  -  . 

Pitch  Moaent  ------ 

Roll  Moaent  ------ 

Yaw  Moaent  ------ 

Side  Force  ------ 

Flight  Speed  ------ 

Power  . 


«F  -  T  ooo  /af 

*8  “  *F  ♦  *0 


For  each  of  the  three  system  a  unique  aultlpller  aay  be  used  to 
convert  the  coefficients  to  any  other  one  of  the  systeas.  These  aultlpllers 
are  presented  In  Figures  B- 1  through  B-3. 
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APPENDIX  D 


MEASUREMENT  OF  WING  FAN  DOOR  SUPPORT  LOADS 
DURING  WIND  T'UNNEL  TESTS 


During  the  conduct  01  the  wind  tunnel  test  program,  the  forces 
associated  with  the  wing  fan  butterfly  door  mounting  system  were  measured. 

These  measurements  were  taken  using  two  types  of  strain  gage  instrumentation. 

The  first  was  a  set  of  steady  state  strain  gages  attached  to  the  stabilising 
links  that  taster,  the  door  tc  the  forward  and  aft  ends  of  the  wing  fan  main 
strut.  These  gages  were  installed  on  the  left-hand  wing  fan  closure  system 
only.  The  second  set  of  measurements  consisted  of  eight  "  st  ra  in- se  rt"  bolts. 
These  bolts  were  used  to  attach  the  door  a  t.ator  mechanism  to  the  fan  hub 
assembly  and  were  pre loaded  to  th  limit  loads  that  could  be  transmitted  to 
tie  tan  hub.  The  ''  s  t  ra  1  n  -  sc  rt "  bolt  when  ust  d  m  this  manner  is  basically 
a  strain  gaged  bolt  that  will  indi  ate  when  the  load  being  carried  exceeds 
the  pre load  va lu  ■  . 

The  test  results  in  general  mv  be  stated  by  saying  that  for  the 
range  of  variables  t^tu,  thire  were  ro  signs  of  loads  in  excess  of  the 
pre  load  va  lues  . 

The  results  ot  forces  ibtai  _d  trexn  the  steady  state  gages  attached  to 
the  stabilizing  Ink's  art  summarized  1  n  the  attached  figures.  Figures  D- 1 
and  D-2  show  the  support  loan*  :  tKe  wing  tan  d^ors  are  open  and  the  fans 
not  operating.  The  data  -.how  the  Iasi,  ae  rcdynimic  loads  due  to  the  free  stream 
velocity  tor  a  range  of  angles  of  atta.k  and  yaw  In  no  case  do  these  loads 
exceed  100  pounds  pei  line.. 

Figures  U- 1  through  D-b  show  the  measured  support  loads  for  a  complete 
range  of  flight  speeds  wi'h  the  ’j-'s  operating  at  the  high  power  setting. 

Figures  D-7  and  D-8  show  similar  data  for  a  range  ot  yaw  angles  at  two 

flight  speeds.  The  indicates  that  the  load  s  are  surprisingly  low.  It 

appears  that  maximum  load  occurs  a'  the  high  t light  speeds  and  is  about  300 
pounds  for  the  f  orwartl  -  inboard  link.  There  is  an  opposing  load  of  about 

100  pounds  on  the  f  orwe  rd -outboard  link,  *-o  the  combined  effect  is  an  applied 

load  ol  loss  than  d1  H  pounds  on  t  hi  :  orward  door  support  structure.  This  is 
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well  within  design  limits.  What  is  more  encouraging  is  the  small  load 
changes  experienced  with  angle  of  yaw  or  sideslip  as  shown  in  Figure  D-7 
and  D-8. 

Figure  D-9  is  a  sumary  of  the  loads  at  xero  angle  of  attack  for 
the  range  of  test  flight  speed, The  effects  of  fan  power  level  are 
clearly  shown.  This  variation  of  loads  with  fan  power  level  is  character¬ 
istic  of  all  devices  placed  either  in  the  inlet  or  exit  flow  fields  of  the 
fan  system.  This  being  the  case  it  is  possible  to  present  the  data  in 
coefficient  form,  independent  of  fan  power  level,  as  shown  in  Figure  D-10. 

The  data  in  this  figure  can  be  use  1  for  obtaining  the  fan  support  link 
loads  for  any  power  setting  or  flight  speed. 

In  summary,  it  may  be  concluded  that  the  method  jf  attaching  the 
wing  fan  closure  doors  to  the  fan  is  adequate  and  does  not  transmit  excessive 
loads  into  the  fan  structure,  as  long  as  reasonable  flight  attitudes  are 
maintained  (oC  =  -5  to  -15  degrees,  f  -  -10  degrees). 


Mara  -  town  uouns  worn 


I  or  YAW  ANCLE  ON  DOOR  SUPPORT 
VTOL  CONFIGURATION  -  FANS  NOT 
OPERATING  -  a  -  21.6 


sauna*  -  scran  mourns  woa 
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APPENDIX  E 

SUCK  F  F.S  P  RING  CONVENTIONAL  AND  FAN  POWERED  OPERATION 


As  rart  of  the  wind  tunnel  test  program,  stick  forces  for  the 
three  tc.it  '"el  m  >t  i  ,  longitudinal  and  lateral  stick  and  rudder  pedals, 
were  measured  n  .-ach  test  point.  The  forces  were  measured  by  strain  gages 
applied  to  on.  ot  the  control  system  members  for  each  axis.  The  outputs  of 
thesv.  strai  sag«*s  were  recorded  on  the  digital  instrunentat ion  system.  Each 
.'trait'  gage  :>ysr  m  was  calibrated  by  applying  known  loads  to  the  appropriate 
control  jvsten  sic1  recording  the  strain  gage  output.  The  applied  calibrating 
loa  i  wa  -  then  t  t  a*is  i  o  r  red  to  a  convenient  reference  location  where  pilot- 
Uplii  i  act  For  1'iample,  the  rudder  pedal  force  was  transferred 

to  ih.  1h  1 1 r.  nb  ot  the  pedals  where  the  pilot  applies  toe  pressure. 

no  loi.gi  t  ii-Jl  >i  ant1  lateral  stick  forces  were  transferred  to  the  center 
ot  f':c  j-t  i  k  ..i  ip  Figures  E-l  through  E-8  present  some  typical  measure- 
m.’ s  of  1-  tones  for  a  range  of  the  more  important  variables. 

Jit  a  I  Stick  Forces 

=  £  -  1  through  E-A  show  measured  longitudinal  stick  forces 
toi  both  ci  j  tn  'la1  and  fa.i  powered  flight  modes.  Figure  E-l  shows 
lo-.gito'ii  is  1  -u  k  forces  for  a  range  of  stick  positions  and  stabiliser 
in  iJ.n  e  settings.  These  forces  are  presented  in  absolute  units,  pounds, 

Sn;l  were  1 t '  -  a:  a  spied  of  about  30  knots  (qQ  =  21.2  psf.).  This  data 
shows  ic'.  fore®  cf  about  AO  to  50  pounds  for  full  stick  throw. 

::  ?.  e  t\  revt.  as  »2li  as  for  all  others  presented  in  the  figures 
or.1  as-n  nm1  a  direct  i-  n  such  that  a  negative  force  gradient  will  occur  for 
i  nofstg  1  tcriig  force,  that  is,  the  change  in  force  per  unit  control 

mo V(. me .it  i  negative.  Note  that  this  is  control  stick  or  pedal  movement 
not  ccrt'rol  surtace  movement. 

The  jpper  curve  of  force  versus  tail  incidence  shows  an  apparent 
change  in  otiv  force  with  tail  incidence  angle.  However,  this  is  a  false 
indication  tv  at  may  be  traced  to  the  changes  in  elevator  angle  with  tall 
iiicidou.it.  Rigging  chocks  show  that  for  a  neutral  stick,  as  the  tail  in¬ 
cident-*  is  changed  from  zero  to  maximum  incidence,  the  elevator  angle  moves 
from  n e a* r a  1  n  about  2  degrees  trailing  edge  up.  This  elevator  movement  is 
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equivalent  to  about  1-1/2  degrees  of  aft  stick  motion.  This  stick  motion 
should  produce  about  4-5  pounds  of  negative  stick  force.  This  agrees  well 
with  the  measured  stick  change  with  tail  incidence.  It  can  be  concluded  that 
the  elevator  will  float,  stick  free,  very  close  to  a  streamlined  condition. 

A  similar  conclusion  may  be  obtained  from  the  data  shown  in  Figure 
E-2  which  shows  stick  force  variation  with  angle  of  attack  for  a  range  of 
conditions.  The  results  indicate  that  for  angle  of  attack  changes  above 
zero  degrees,  the  stick  free  location  will  not  change  appreciably,  less 
than  one  degree.  However,  at  negative  angles  of  attack,  the  stick  force 
becomes  more  positive  with  reduced  angles  of  attack.  With  stick  free,  the 
stick  would  move  forward  as  angle  of  attack  is  reduced,  thereby  producing 
a  destabilizing  moment.  The  end  result  is  a  reduction  in  longitudinal 
stability  for  the  stick  free  case  as  compared  *  rhe  stick-fixed  stability 
condition.  This  condition  is  more  pronounced  at  negative  tail  incidence 
sett ings . 

Figures  E-3A  and  E-3B  show  some  typical  stick  force  gradients  for 
the  fan  mode  of  flight.  Data  for  a  range  of  velocities,  vector  angles  and 
fan  power  settings  are  shown.  The  stick  forces  for  these  flight  conditions 
consists  of  two  types  of  restoring  or  centering  forces.  One  is  the  con¬ 
ventional  aerodynamic  force  due  to  the  elevator  balance,  and  the  second  is 
due  to  an  artificial  centering  force  produced  by  a  spring  package  in  the  fan 
control  mixer  box.  The  spring  package  was  designed  to  produce  about  12-14 
pounds  longitudinal  force  at  full  stick  throw  and  will  phase-out  to  about 
10  percent  force  at  full  vector  command  of  45  degrees.  This  estimated  spring 
package  force  gradient  is  shown  as  the  dashed  curves  in  Figures  #3A  and  3B. 

An  interesting  breakdown  to  the  total  longitudinal  stick  force 
gradient  is  shown  in  Figure  E-4.  The  lower  curve  shows  the  estimated  force 
gradient  due  to  the  spring  package.  Using  this  gradient,  the  remaining 
force  shown  in  Figure  E-3  is  due  to  elevator  aerodynamic  forces.  Due  to 
the  non-linear  nature  of  these  forces,  a  gradient  based  on  +  1/2  stick  throw 
was  computed  for  this  aerodynamic  component.  The  gradients  are  shown  in  the 
center  curve  of  Figure  E-4  versus  free-stream  velocity  head  A  linear  rela¬ 
tionship  exists  which  is  desirable  for  a  pure  aerodynamic  force. 
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The  curve  at  the  top  of  Figure  E-4  presents  the  map  of  stick  force  gradients 
versus  flight  speed  for  the  complete  vector  command  range.  These  curves  were 
generated  by  summing  the  individual  aerodynamic  and  spring  package  gradients. 

It  should  be  noted  here  that  all  forces  when  measured  during  fan 
mode  of  operation  were  adjusted  to  zero  forces  at  neutral  stick  by  a  direct 
shift  of  the  data.  Ihis  technique  was  required  because  of  the  considerable 
shift  in  strain-gage  balance  during  conduct  of  the  tests  when  the  fans  were 
operating.  During  fan  operation,  heating  of  the  strain-gaged  links  occurred, 
and  even  though  temperature  compensated  gages  were  used,  shifts  in  zero  occurred 
that  were  at  times  as  large  as  the  forces  being  measured.  The  time  interval 
required  to  make  a  control  excursion  during  a  particular  test  was  relatively 
short;  therefore,  shifts  in  the  strain  gage  outputs  were  negligible.  Thus, 
the  change  in  force  readings  due  to  control  changes  was  valid  (delta  value), 
although  the  absolute  level  of  the  force  reading  was  questionable.  An  angle- 
of-attack  excursion  took  a  considerable  period  of  time  and  the  shifts  in  data 
were  greater  than  the  actual  force  change,  consequently  the  data  were  unuseable. 
Data  are  presented  for  ang le-of -at tack  changes  in  the  conventional  mode,  since 
engines  were  off  and  data  shifts  due  to  temperature  were  not  a  problem. 

Rudder  Pedal  Forces 

Figures  E-5  through  E-7  present  measured  rudder  pedal  forces  similar 
to  those  shown  for  the  longitudinal  stick.  Figure  E-5  shows  the  variation  of 
rudder  pedal  forces  with  sideslip  angle  and  rudder  pedal  deflection. 

The  lower  figure  shows  a  reversal  of  rudder  pedal  force  at  high 
sideslip  angles.  However,  comparison  of  these  force  levels,  +  5  pounds,  with 
the  normal  rudder  pedal  force  gradient  in  the  upper  figure,  shows  that  they 
are  almost  negligible. 

Figure  E-6  shows  the  measured  rudder  pedal  force  gradients  for  the 
fan  mode  of  operation.  Here,  as  for  the  longitudinal  stick,  the  forces  are 
composed  of  aerodynamic  and  spring  forces.  A  breakdown  of  the  two  forces  is 
shown  in  Figure  E-7  and  again  the  correlation  is  excellent.  For  the  rudder  pedal 
system,  a  spring  package  force  of  about  25  pounds  for  full  throw  was  the  design 
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value  and  to  phase-out  to  aero  force  at  full  vector  command  of  45  degrees. 

A  map  of  stick  forces  versus  flight  speed  for  the  complete  range  of 
vector  command  angles  was  developed  as  shown  in  the  upper  curves  of  Figure  E-7. 

Lateral  Stick  Forces 

The  conventional  aircraft  lateral  control  system  contains  com¬ 
plete  hydraulic  boost  on  the  ailerons  with  aerodynamic  forces  produced  by  the 
trim  tab  system  on  the  ailerons.  Artificial  feel  from  a  spring  package  is  also 
used  in  the  fan  mode  of  flight,  designed  for  light  control  forces  of  about 
2  pounds  at  full  throw. 

Because  of  light  forces,  it  was  almost  impossible  to  measure  the  force 
gradients  with  the  instrumentation  provided.  The  only  reasonable  force  gradients 
measured  during  the  test  program  are  shown  in  Figure  E-8.  These  curves  show 
lateral  stick  forces  for  three  flap  settings.  As  is  apparent  from  these  figures, 
the  force  levels  are  very  low  and  no  data  could  be  obtained  in  the  fan  mode  of 
flight  where  drift  due  to  heating  occurred. 

Conclusions 

The  results  of  control  force  measurements  can  be  summarized  as  follows: 

1. )  Lateral  stick  forces  were  very  light  and  accurate  measurements  could 

not  be  obtained. 

2. )  Rudder  pedal  forces,  both  conventional  and  fan  powered,  appear  as 

predicted  and  are  relatively  free  of  sideslip  effects. 

3. )  Longitudinal  stick  force  gradients  are  very  close  to  predicted  values. 

Floating  tendency  of  the  elevator  is  very  small  and  will  tend  to  reduce 
i!ic!  stability  of  the  aircraft,  stick-free  as  compared  to  stick-fixed. 

4. )  At  zero  stick  and  elevator  position,  flaps  deflected,  there  is  a 

stick  force  tending  to  move  the  stick  forward.  This  stick  force 
cannot  be  trimmed  with  horizontal  tail  incidence  and  exists  at  all 
aircraft  angles  of  attack. 
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CONFIGURATION  -  q<,  -  21.2  paf. 
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FIGURE  E-2 

LONGITUDINAL  STICK  FORCES  VERSUS  ANGLE 
OF  ATTACK  -  CONVENTIONAL  CONFIGURATION  -  ^  -  21.2  paf 


-15  -10 

(AFT) 


-5  0 


LONGITUDINAL  STICK  POS1TIC 


FIGURE  E 

LONGITUDINAL  STICK 
FLIGHT  SPEED  AND  V 
ANGLE  -  FAN  1 


LONGITUDINAL  STICK  POSITION  (10-33)  -  DECKS 

FIGURE  E-3B 

LONGITUDINAL  STICK  FORCES  VTRSUS 
FLIGHT  SPIED  AND  VECTOR  CQMAND  ANGLE  -  F 

(CONTINUED) 


stick  FMct  kstdmtcd  stick 

ciAoiarr  out  to  poks  cmoikvt 


BREAKDOWN  OF  LONGITUDINAL 
STICK  PORCKS  INTO  CONTRIBUTIONS  DUE 
AERODYNAMIC  LOADS  AMD  SPRING  PACKAGE 


I 


Slot  SUP  -  $ 


F1GUKI  E-5 

RUDDER  PEDAL  FORCES  VERSUS 
PEDAL  POSITION  AND  ANCLE  OF 
SIDESLIP  -  CONVENTIONAL  CONFIGURATION 
q.  -  21.2  paf 


RUDDER  PEDAL  POSITION  (PO-34) 


FIGURE  E-6 


RUDDER  PEDAL  FORCES  VERSUS 
PLIGHT  SPEED  AND  VECTOR  CGWMND 
ANCLE  -  PAN  POWERED 


VICTOR  COMtAMD  ANCLE  1  DECREES 


FIGURE  E-7 

BREAKDOWN  OF  RUDDER  PEDAL 
FORCES  INTO  CONTRIBUTION  DUE  TO  AERODYNAMIC 
LOADS  AND  SPRING  PACKAGE 
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APPENDIX  P 


LIST  OF  SYMBOLS 


8vbol 

Af 

Ap 

Ap 

b 

B. 

By 

B*vg 
A  B, 

Abv 

c 

c 

Cx 

Ct 

df 

F 

h 

Hx 

Hlf 


P«r»—nr 
Pan  annulus  araa 
Pan  dp  araa 

Pitch  fan  annuiua  araa 
Wing  *pan 

Wing  fan  louvar  stagger  angle 

Vector  command  angle  (cockpit  dial) 

Wing  fan  average  louvar  angle  (both  fans) 

Differential  stagger  angle  (left  fen  louvers 
mlnue  right) 

Differential  average  louver  engle  (left  fan 
louvers  minus  right) 

Chord 

Mean  aerodynamic  chord 

Conventional  coefficients  -  See  Appendix  B 
(x  ■  D,  L,  Y,  m,  n,  1) 

Thrust  required  in  coefficient  form  (T/q0  gwj 

Slipstream  coefficient  -  See  Appendix  B 
(x  -  Dp  Y,  L,  m,  n,  1,  P) 

Fan  tip  diameter 

Thruat 

Aircraft  height  above  ground  measured  from 
bottom  of  fane 

Fan  law  coefficients  -  See  Appendix  B 
(x  ■  D,  L,  Y,  m,  n,  1) 

Louver  ectuator  force  in  coefficient  form, 

9U l  kf 


Units 

Pt.2 

Ft.2 

Ft.2 

Ft. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Ft. 

Ft. 


Ft. 


Lb. 


Ft. 
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APPENDIX  P  (Cont  lnued) 


Wing  fan  closure  door  loads  In  coefficient  form, 
L0AD/  9jf  Af 


Gss  generator  Ideal  gas  horsepower  — 

Horlsontal  stabiliser  Incidence  Deg. 

Rolling  moment  Ft.  -  Lb 

Lift  Lb. 

Corrected  lift  at  100%  fen  speed  standard 

day  -  sea  level  Lbs. 

Pitching  moment  Ft.  -  Lb 

Yawing  moment  Ft.  -  Lb 

Fan  rotational  speed  7. 

Pitch  fan  rotational  speed  % 

Gas  generator  rotational  speed  | 

Power 


o 

Two  tlmea  fan  dynamic  pressure  -  See  Appendix  B  Lb. /Ft. 


Free  stream  dynamic  pressure  Lb./Ft.^ 

Slipstream  dynamic  pressure  *  See  Appendix  B  Lb./Ft.^ 

Wing  projected  area  Ft . 2 

Thrust  Lb. 

Fan  lift  @  zero  flight  speed,  stagger  and 

vector  Lb. 

Flight  speed  coefficient  -  See  Appendix  B  — 

Fan  rotational  tip  speed  (720  ft/sec  (?  1007.)  Ft.  /Sec. 

Pitch  fan  rotational  tip  speed  (640  ft/sec  @ 

1007.)  Ft .  /Sec . 


118 


APPENDIX  F  (Continued) 


U 


Tooo 


Vo 


Vic 


y 

a 

cc  1 
«  b 

$ 

8 

8S 

& 

* 

9 

%  a() 


Fan  rotational  apaad  at  zero  flight  speed, 

vac  tor  and  stagger  at  given  gas  generator 

power  setting  Ft. /Sac. 

True  airspeed  or  tunnel  speed  Ft. /Sac. 

Corrected  indicated  airspeed  Ft. /Sec. 

Distance  from  aircraft  centerline  to  fan 
centerline  (10.167)  Ft. 

Sldeforce  Lb. 

Angie  of  attack  Dep.. 

Angle  of  attack  as  indicated  by  aircraft  noae 

boom  Deg. 

Angle  of  attack  at  break  or  change  in  slope 
pitching  moments  Deg. 

Angle  of  sideslip  Deg. 

Control  surface  movement  Deg. 


or 

Pressure  corrected  to  standard  conditions  - 

Control  stick  movement  - 

Temperature  corrected  to  standard  conditions  - 

Yaw  angle  Deg. 

Cross- flow  ratio  -  See  Appendix  B  — 

Air  density  Slugs/ft. J 

Partial  derivative  -  all  other  parameters  fixed  --- 


Subscripts 


a 

c 

d 

D 

e 

F 

L 

1 

m 

n 


Aileron  or  lateral  stick 
Collective  stick 
Droop  of  ailerons 
Drag 

Elevator  or  longitudinal  stick 
Flap 

Lift  or  Left 
Roll  moment 
Pitch  moment 
Yaw  moment 
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APPINDIX  r  (Continued) 


Supieripfci  (Cont'd) 


Pitch  aoduletlng  doore 
Right 

Rudder  or  rudder  pedels 
Stegger 

Vector 
Side force 

Ambient  or  free-etreem 
At  engine  inlet 
At  wing  fen  Inlet 
At  pitch  fen  inlet 
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FIGURE  2 

PHOTOGRAPH  OF  XV-  5A  AIRCRAFT 


FIGURE  5 

FHOTOGRAW  OF  DIGITAL  INSTRUMENTATION  CONSOLE 


FIGURE  b 

PHOTOGRAPH  OF  STRESS  INSTRUMENTATION  SYSTEMS 


DISC  LOADING  -  Tooo//lpg,Q 


FIGURE  7 


ESTIMATED  WING  FAN  DISC  LOADING 
AT  Vo  -  0,  Bv  -  0,  Bi  •  0 
(PER  FAN) 


! 

i 
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■fci'n  iwiij^ii 


ESTIMATED  GAS  GENERATOR  IDEAL  HORSEPOWER  CHARACTERISTICS 


FIGURE  9 

ESTIMATED  WING  FAN  AND  PITCH  FAN  SPEED 
VARIATION  WITH  TOTAL  GAS  GENERATOR  HORSEPOWER 


TOTAL  GAS  GENERATOR  HORSEPOWER  (  H  P  M  /S 1 0  \fih7  )  L  +  R 

OR  -  /  _ 

(H  P5.,/82o/£7o)l  +  R 
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FIGURE  10 

EXIT  LOUVER  RIGGING 
VERSUS  VECTOR  COMMAND 
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10  20  30  40 

VECTOR  COMAN D  (PO-17)  -  DEGREES 


FIGURE  11 


STAGGER  AND  VECTOR  ANGLES 
VERSUS  VECTOR  COMAND 
(ALL  CONTROLS  APPROX.  NEUTRAL) 
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-  50°,  -  15  TO  20°) 

(AFT)  -20  -10  0  10  20  (FWD) 

LONGITUDINAL  STICK  POSITION  (PO-33)  -  DEGREES 


FIGURE  12 

LONGITUDINAL  RIGGING  -  PITCH  FAN  MODULATOR 
VERSUS  STICK  POSITION  AND  VECTOR  COMMAND 
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VECTOR  COMUND 


20  (FVD) 


(AFT)  -20 


LONGITUDINAL  STICK  POSITION  (PO-33)  -  DEGREES 
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FIGURE  13 

PITCH  FAN  MODULATOR  GEARING  VERSUS  VECTOR 
COMMAND  AND  LONGITUDINAL  STICK  POSITION 


VECTOR  COMMAND  (PO-17)  -  DEGREES 
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FVD  STICK 
AFT  STICK 


i - 1 - ; : — rn — • — i - i — r 

0  20  40  60  80  100 

(FULL  DOWN)  (FULL  UP) 

COLLECTIVE  STICK  POSITION  (FO-35)  -  % 


FIGURE  14A 


COLLECTIVE  RIGGING-  -  LOUVER  VECTOR 
AND  STAGGER  ANGLES  AND  PITCH 
FAN  MODULATOR  DOOR  VERSUS 
COLLECTIVE  SETTING 


VECTOR  COMMAND  ( PO-17)  -  DEGREES 


FIGURE  1 5 

LOUVER  STAGGER  AND  PITCH 
FAN  MODULATOR  m,-  .u. 

VERSUS  VECTOR  ANGLE  AND 
COLLECTIVE  STICK  POSITION 


(ALL  CONTROLS  -  NEUTRAL) 


-10  -8 
(RIGHT) 


(LEFT) 


LATERAL  STICK  POSITION  (Po-321  -  DECREES 


FIGURE  UA 

LATERAI  RIGGING  -  VECTOR  AND  STAGGER  ANGLES 
VERSUS  LATERAI  STICK  POSITION  AND  VECTOR  '  OMRAN  ) 


MS 


By  CRIGR) 
Bv  (LIFT) 


Ri«hl)  (Left) 

LATERAL  STICK  POSITION  (PO-32)  -  DECREES 


FIGURE  16B 


LATERAL  RIGGING  •  CONTINUED 


6  8 
(Left) 


10  20  30 

VECTOR  COMMAND  (PO-17)  -  DEGREES 


S  H  H 

U  (A  V) 


-10 


-20 


-10  -8  -6-4-2  0  2  4 

(Right) 


VECTOR 

COMMAND 

0° 


LATERAL  STICK  POSITION  (PC-32)  -  DEGREES 


FIGURE  17 

LOl'VER  STAGGER  GEAR 1  NG  VERSUS 
LATERAJ  STICK  AND  VECTOR 
COMMAND  ANGLES 


(ALL  CONTROLS  -  NEUTRAL) 
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-100  -80  -60  -40  -20  0  20  40  60  80  100 

(No**  L« f t )  (No*e  Right) 


RUDDER  PEDAL  POSITION  (PO-35)  -  X  OF  STROKE 


FIGURE  18A 

DIRECTIONAL  RIGGING  -  VECTOR  AND  STAGGER  ANGLES 
VERSUS  RUDDER  PEDAL  AND  VECTOR  COMMAND 


-100  -80  -60  -40  -20  0  20 

(Nose  Left) 


40  60  80  100 

(Nose  Right) 


RUDDER  PEDAL  POSITION  fPO-35)  - 


7.  OF  STROKE 


FIGURE  18B 


D1RFC  i  IONAL  RIGGING 


CONTINUED 


DEGREES 


(PULL  LATERAL  CONTROL) 


8  sa  -  -8.3°  &  sa  -  7. 1° 

(RWD)  «'LWD) 


-100  -80  -60  - 40  -20  0  20  40  60  80  100 

(Nose  Left)  (Note  Right) 


RUDDER  PEDAL  POSITION  ( PO-35)  -  1  OF  STROKE 


FIGURE  19A 

DIRECTIONAL  RIGGING  -  VECTOR  AND 
STAGGER  ANGLES  VERSUS  RUDDER 
PEDAL  AND  VECTOR  COMMAND 


FIGURE  19B 

DIRECTIONAL  RIGGING  -  CONTINUED 


(Mot*  Ltfc) 


(Nott  Right) 


RUDDSR  PEDAL  POSITION  (10-35)  -  l  OF  STROKE 


FIGURE  20A 

LOUVER  VICTOR  AND  STAGGER  GEARING 
VERSUS  RUDDER  PEDAL  AND 
VECTOR  CGMtAMD 


FIGURE  20B 

LOUVER  VECTOR  AND  STAGGER  GEARING 
VERSUS  RUDDER  PEDAL  AND 
VECTOR  COMMAND 


17° 

29° 


40  60  80  100 

(Nose  Right) 

X  OF  STROKE 


-100  -8C  -60  -40  -20  0  20 
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RUDDER  PEDAL  POSITION  (FO-35)  - 
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VECTOR  COMMAND 


FIGURE  21 


DIFFERENTIAL  STAGGER  AND  VECTOR 
GEARING  VERSUS  VECTOR  COMMAND 


LATERAL  STICK  POSITION  (PO-32)  -  DEGREES 


FIGURE  22 

LATERAL  RIGGING  -  AILERON 
DEFLECTIONS  VERSUS  LATERAL  STICK  POSITION 
FROM  A  RANEE  OF  FLAP  SETTINGS 


LONGITUDINAL  STICK  POSITION  (PO-33)  -  DIGUES 


FICURE  23 

LONGITUDINAL  RIGGING  -  ELEVATOR 
DEFLECTION  VERSUS  LONGITUDINAL  STICK 
POSITION  FOR  A  RANGE  OF  TAIL  INCIDENCE  SETTINGS 


ELEVATOR  DEFLECTION  FOR  CHANGE  IN  ELEVATOR 

LONGITUDINAL  STICK  FIXED  DEFLECTION  WITH 

AT  -0.6°  LONGITUDINAL  STICK 


HORIZONTAL  STABILIZER  ANGLE  (PO-9)  -  DEGREES 


FIGURE  24 

ELEVATOR  GEARING  AND 
POSITION  FOR  NEUTRAL  STICK  VERSUS 
HORIZONTAL  STABILIZER  ANGLE 
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lCTERISTICS  -  CONVENTIONAL  -  POWER  OFF 
FLAPS  AT  0° 
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FIGURE  26 

LONGITUDINAL  CHARACTERISTICS  -  CONVENTIONAL  -  POWER  OFF 
FLAPS  AT  45°  AND  30° 
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FIGURE  27 

LONGITUDINAL  CHARACTERISTICS  -  CONVENTIONAL 
VERSUS  PRE -CONVERSION  CONFIGURATIONS 
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FIGURE  28 

LONGITUDINAL  CHARACTERISTICS  -  CONVENTIONAL 
VERSUS  VTOL- CONVERTED  CONFIGURATION 


LONGITUDINAL  CHARACTERISTICS  -  CONVENTIONAL  -  POWER  OFF 
GEAR  UP  VERSUS  GEAR  DOWN 


OH  (K>-6  AMD  ID-7) 
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riGUKI  30 


CHANGE  IM  AILBKON  DEFLECTION  WITH  ANCLE 
Of  ATTACH  F01  RUN  19  -  HYDRAULIC  BOOST  OFT 


THRUST:  360# 
THRUSJ^AMC^E:  5.5° 
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SO  S  10  13  20 

ANCLE  OF  ATTACK  -0<. 


riGURX  31 

ESTIMATED  LIFT,  DRAG  AND  MOMENT 
CONTRIBUTIONS  DUE  TO  TVO  ENGINES  AT  IDLE 
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LATERAL  DIRECTIONAL  CHARACTERISTICS  -  CONVENTIONAL  -  POWER  OFF 
FLAPS  AT  0  -  •<  =  0  AND  <  *=  +8 
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FIGURE  33 

LATERAL  DIRECTIONAL  CHARACTERISTICS  -  CONVENTIONAL  -  POWER  OFF 
FLAPS  AT  45°  - <  =  0  AND  +8° 
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LATERAL  DIRECTIONAL  CHARACTERISTICS 
CONVENTIONAL  VERSUS  PRE- CONVERSION  CONFIGURATION 
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FIGURE  36 

LATERAL  DIRECTIONAL  CHARACTERISTICS  -  CONVENTIONAL  -  POWER  OFF 
GEAR  UP  VERSUS  GEAR  DOWN  • <.  -  0° 


-8-4048  12  16  20 

HORIZONTAL  STABILIZER  INCIDENCE  ( PO-9)  -  DEGREES 
RUN  NOS.  TEST  CONDITIONS 


FIGURE  37 


HORIZONTAL  STABILIZER  EFFECTIVENESS 
CONVENTIONAL- POWER  OFF  -  FLAPS  AT  0°  -  MC  #2 


FIGURE  j 
IFFECTIVI 
-  FLAPS 


FIGURE  40 

L  EFFECTIV  NESS  -  COHVUfTIOHAL 
T  -  FLAPS  AT  30°  -  II  #2 


FIGURE  41 

LATERAL  CONTROL  CHARACTERISTICS  -  CONVENTIONAL 
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FIGURE  42 

DIRECTIONAL  CONTROL  EFFECTIVENESS  -  CONVENTIONAL 
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FIGURE  43 

CROSS -COUPLING  OF  LATERAL  AND  LONGITUDINAL  STICK 
POSITIONS  DUE  TO  TEST  ACTUATION  MECHANISM 
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FIGURE  44 

LONGITUDINAL  CHARACTERISTICS  •  FAN  POWERED  (HI -POWER) 
NORMAL  CONFIGURATION 
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FIGURE  45A 

LONGITUDINAL  CHARACTERISTICS  -  FAN  POWERED  (LO-POWER) 
NORMAL  CONFIGURATION 
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FIGURE  45B 

LONGITUDINAL  CHARACTERISTICS  -  FAN  POWERED  (LO- POWER) 
NORMAL  CONFIGURATION 
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FIGURE  46 

LATERAL  DIRECTIONAL  CHARACTERISTICS  -  FAN  POWERED  (LO- POWER) 
NORMAL  CONFIGURATION  -  LL  *  0.07 
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FIGURE  47 

LATERAL  DIRECTIONAL  CHARACTERISTICS  -  FAN  POWERED ^ (LO- POWER) 
NORMAL  CONFIGURATION  -  U  *  0.11,  +6° 
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FIGURE  48 

DIRECTIONAL  CHARACTERISTICS  -  FAN  POWERED  (L0- POWER) 
NORMAL  CONFIGURATION  -  l±  -  0.17 


FIGURE  50 

VECTOR  EFFECTIVENESS  -  FAN  POWERED  (HI -POWER)  -  u  -  0.12 
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FIGURE  51 

VECTOR  EFFECTIVENESS  -  FAN  POWERED  (HI -POWER)  -  LL  -  0.1 
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FIGURE  52 

VECTOR  EFFECTIVENESS  -  FAN  POWERED  (HI-POWER) 
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FIGURE  53 

VECTOR  EFFECTIVENESS  -  FAN  POWERED  (HI-POWER)  -  0.25 
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FIGURE  55 

LONGITUDINAL  CONTROL  EFFECTIVENESS 
FAN  POWERED  (HI -POWER)-  u-  0.12 
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VARIABLE  with 
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FIGURE  58 

LONGITUDINAL  CONTROL  EFFECTIVENESS 
FAN  POWERED  (HI -POWER)  -  LL  m  0.25 


€0 


^  O  r*  — 

o  o  c  o  o 

■•h  -  un 


©  —  IS 

odd 
•  • 

-  JJUH ON  HDIH 


Mums 


wmm  mmmm 


aeauaffln 


“H  J.HOJ  MIS 


H  L^OMUN  flVA 


H  -  LNSHDM  n(W 


LH3W0W  H)lld 


FIGURE  60 

LATERAL  CONTROL  EFFECTIVENESS 
FAN  POWERED  (HI -POWER)  -  II-  0. 
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FIGURE  61 

LATERAL  CONTROL  EFFECTIVENESS 
FAN  POWERED  (HI -POWER)  -  0.17 
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FIGURE  61 

LATERAL  CONTROL  EFFECTIVENESS 
FAN  POWERED  (HI -POWER)  -  0.17 
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FIGURE  63 

LATERAL  CONTROL  EFFECTIVENESS 
FAN  POWERED  (HI -POWER)  -  LL=  0.245 
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FIGURE  65 

L  EFFECTIVENESS  -  FAN  POWERED  (LO- POWER) 
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COLLECTIVE  CONTROL  EFFECTIVENESS  -  FAN  POWERED  (HI -POWER) 
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FIGURE  68 

COLLECTIVE  CONTROL  EFFECTIVENESS  -  FAN  POWERED  (HI- 
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FIGURE  69 

DIRECTIONAL  CONTROL  EFFECTIVENESS  -  FAN  POWERED  (HI -POWER) 


DIRECTIONAL  CONTROL  EFFECTIVENESS  -  FAN  POWERED  (HI-POWER) 


DIRECTIONAL  CONTROL  EFFECTIVENESS  -  FAN  POWERED 
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DIRECTIONAL  CONTROL  EFFECTIVENESS  -  FAN  POWERED  (HI -POWER) 
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FIGURE  7:i 

DIRECTIONAL  CONTROL  CHARACTERISTICS 

/X  =  0.08,  B  - 


IAN  POWERED  (L0- POWER) 
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DIRECTIONAL  OONTtOL  EFFECTIVENESS  -  IAN  POWERED  (LO-POUER) 
LL  -  0.11,  tCm  +6,  B  -  -8 
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TAIL  IN'  IDETICr  (HO-9)  -  DEGREES 
FIGURE  7  5 


HORIZONTAL  STABIL1ZF:R  EFFECTIVENESS  -  FAN  POWERED  -  0.245 
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FIGURE  77 

LONGITUDINAL  CHARACTERISTICS 
FAN  POWERED  -  PITCH  FAN  'OFF" 
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VECTOR  EFFECTIVENESS  -  FAN  POWERED  (LO-POWER) 
PITCH  FAN  "OFF”  (OPEN)  -IX  -  0.12 
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FIGURE  81 

VECTOR  EFFECTIVENESS  -  FAN 
PITCH  FAN  "OFF"  (OPEN) 
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FIGURE  82 

VECTOR  EFFECTIVENESS  -  FAN  POWERED 
PITCH  FAN  "OFF"  (OPEN)  -  LL  - 
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FIGURE  83 

VECTOR  EFFECTIVENESS  -  FAN  POWERED  (HI -POWER) 
PITCH  FAN  "OFF"  (CLOSED)  -  U  -  0.23 


FIGURE  84 

LONGITUDINAL  CONTROL  EFFECTIVENESS  -  FAN  POWERE 
PITCH  FAN  "OFF"  (OPEN)  - LL  -  0.145 
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FIGURE  85 

LONGITUDINAL  CONTROL  EFFECTIVENESS  -  FAN  POWERED  (HI -POWER) 
PITCH  FAN  "OFF"  (CLOSED)  -  LL  -  O.I7 
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LONGITUDINAL  CONTROL  EFFECTIVENESS  -  FAN  POWERED  (HI -POWER) 
PITCH  FAN  "OFF"  (CLOSED)  -  U-  0.23 


LATERAL  CONTROL  EFFECTIVENESS  -  FAN  POWERED  (HI- POWER) 
PITCH  FAN  "OFF"  (CLOSED)  -  fjL  -  0.23 
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DIRECTIONAL  CONTROL  EFFECTIVENESS  -  FAN  POWERED  (HI-POWER) 

PITCH  FAN  "OFF"  (CLOSED)  -  fJL  -  0.16 


*1  > 


HORI ZONTAI  STABILIZER  EFFECTIVENESS 
FAN  POWERED  (Hl-PoWI-K)  -  PITCH  FAN  'OFF"  (CLOSED)  -  =  0 . 
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FIGURE  91 

HORIZONTAL  STABILIZER  EFFECTIVENESS 
FAN  POWERED  (LO- POWER)  PITCH  FAN  "OFF"  (OPEN)  -  fj.  =  0.225 
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RIGHT  WING  FAN 


LEFT  WING  FAN 


FIGURE  94 


FAN  SPEED  RATIO  VERSUS  CROSS-FLOW  RATIO 
FOR  APPROXIMATE  TRIMMED  (DRAG  -  0)  FLIGHT 
HIGH- POWER  -  CONTROLS  FIXED 
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FIGURE  96 

WING  FAN  SPEED  RATIO  VERSUS  ANGLE 
OF  ATTACK  FOR  APPROXIMATE 
TRIMMED  (DRAG  -  0)  FLIGHT 
HI-  POWER  -  CONTROLS  FIXED 
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FIGURE  9  7 

WING  FAN  SPEEU  RATIO  VERSUS  ANGLE 
OF  ATTACK  FOR  APPROXIMATE 
TRIMMED  (DRAG  =  0)  FLIGHT 
LO- POWER  -  CONTROLS  FIXED 
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FIGURE  99 
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FAN  SPEED  RATIO  VERSUS  ANGLE  OF 
SIDESLIP  AT  APPROXIMATE  TRIMMED 
(DRAG  =  0)  FLIGHT  -  CONTROLS  FIXED 


FAN  SPEED  RATIO  UT  (MEASURED) 
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FIGURE  101 
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FIGURE  102 

FAN  SPEED  RATIOS  VERSUS  COLLECTIVE 
STICK  POSITION  FOR  APPROXIMATE 
TRUMED  (DRAG-0)  FLIGHT 
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FIGURE  106 

LONGITUDINAL  CHARACTERISTICS  -  FAN  POWERED 
(L0- POWER)  -  NORMAL  TAIL  WITH  SLAT 
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LONGITUDINAL  CHARACTERISTICS  -  FAN  POWERED 
(LO- POWER)  -  TAIL  WITH  TIPS  AND  SLAT 
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PITCH  ATTITUDE  INDICATOR  CALIBRATION 
FAN  POWERED  -  PITCH  FAN  "ON" 
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PITCH  ATTITUDE  INDICATOR  CALIBRATION 
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SIGNIFICANT  DEVIATION  FACTORS  IN 
PITCH  ATTITUDE  INDICATION 
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VECTOR  COMMAND  DERIVATIONS 
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LONGITUDINAL  CONTROL  DERIVATIVES  - 
FAN  POWERED  (HI -POWER) 
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FIGURE  136 

DIRECTIONAL  CONTROL  DERIVATIVES 
FAN  POWERED  (HI- POWER) 
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FIGURE  141 


COMPOSITE  FAN  POWERED  TRANSITION  CHARACTERISTICS 
ALL  CONTROLS  "NEUTRAL" 
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FIGUIE  148 

LONGITUDINAL  CONTftOL  DERIVATIVES 
FAN  POWERED  PITCH  FAN  "OFF" 
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ESTIMATED  STATIC  VECTOR  -  STAGGER 
LIFT  EFFECTIVENESS  (HI- POWER) 
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ESTIMATED  STATIC  VECTOR  -  STAGGER 
THRUST  EFFECTIVENESS  (HI -POWER) 
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PITCH  FAN  MODULATOR  DOOR  ANGLE  (PO-22) 
DKREES  FROM  FULL  CLOSED 


ESTIMATED  FITCH  FAN  LIFT  VERSUS 
MODULATOR  DOOR  POSITION 


FIGURE  155 

VARIATION  OF  PITCH  AND  WING 
FAN  SPEED  RATIO  VERSUS 
CROSS-FLOW  AND  VECTOR  COMMAND 
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BUILD-UP  OF  LATERAL  CONTROL 
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CONTROL  EFFECTIVENESS  VERSUS 
SPEED  AND  VECTOR  COMMAND 
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LONGITUDINAL  TRIM  REQUIREMENTS 
DURING  TRANSITION 
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FIGURE  162 

TRIMlED  LIFT  AND  VECTOR  COMMAND 
DURING  TRANSITION 
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TRIFMED  TRANSITION  CHARACTERISTICS  - 
CORRECTED  LIFT  AND  FLIGHT  SPEED  - 
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FAN  SPEED  CAPABILITY 
AT  MAXIMUM  GAS  GENERATOR  POWER 
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TRDftfED  LIFT  CHARACTERISTICS  - 
SEA  LEVEL  STANDARD  AND  2500  FT.  HOT  DAYS 
ANGLE  OF  ATTACK  -  0  DEGREES 
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TRItflfED  LIFT  CHARACTERISTICS  (CONTINUED) 
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